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Chemistry, Univ. of Pittsburgh 


Beaver Falls Art Tile Company 


Superin- 
Brick 


Secretary and 
Hydraulic-Press 


Assistant 
tendent, 
Company 


AMERICAN CERAMIC SOCIETY 


Irwin, DeWirr D., 
East Liverpool, Ohio 
Jacoss, WILLIAM MacFattin, Cr.E., 
Charleroi, Pa. 
JACQUART, CHARLES Epwarp, B.S., 
South River, N. J. 
JEFFERY, JOSEPH ArTHUR, D.D.S., 
Detroit, Mich. 
Jenkins, NEweELt Siz, D.D.S., 
180 Meadow St., New Haven, Conn. 
JENSEN, CHARLES HENry, 
156 Greene St., Brooklyn, N. Y. 
JEPPSON, GEORGE N., 
Worcester, Mass. 
JoHNson, ArtHUR Aucust VICTOR, 
247 Sheridan St., Zanesville, Ohio 
JoHNSTON, Ropert Marcu, M.E., 
692 Cadillac Ave., Detroit, Mich. 
JONES, Ropert W., 
Albany Ne Ye 
Justice, ITHAMAR M., 
Dayton, Ohio | 
KALBFLEISCH, G. C., 
Tiffin, Ohio 
KANENGEISER, FRED R., 
Bessemer, Pa. 
KEEHN, CLARENCE C., B.A., 
Canandaigua, N. Y. 


KEELER, RurFus B., 
Lincoln, Cal. 

KEESE, HoMER GOLDSMITH, 
Litchfield, Ill. 


KeEnprick, Lucius S., 
Williamston, Mich. 


KEPLINGER, RoBert Barr, A.B., 
Canton, Ohio 


Kerr, W. B.,- Pu.B., 
Syracuse, N. Y. 
Kirk, GC. J., 
New Castle, Pa. 


Kirkpatrick, F. A., M.S., 
40th and Butler Sts., Pittsburgh, Pa. 
KLINEFELTER, THERON ALBERT, B.A.B., 
Crile 
Box 510, Derry, Pa. 


KNoLtMAN, Harry JouHNn, Cr.E., 
858 Manida St., “The Bronx,” 
York City 


New 
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Secretary, Potters Supply Company 
Pittsburgh Plate Glass Company 


Ceramist, American Enameled 
Brick Company 

President and General 
Jeffery-Dewitt Company 


Manager, 


President, Empire China Works 
Works Manager, Norton Company 


Draughtsman and Designer, L. E. 
Rodgers Eng. Company 


Economic Geologist, New York 
State Museum 
Vice-President Manufacturers 


Equipment Company 


Manager, Standard Sanitary Manu- 
facturing Company 

General Superintendent, -Bessemer 
Limestone Company | 

Secretary and Assistant Manager, 
Liske Manufacturing Company, 
Limited 

Gladding, McBean and Company 


Student, Ceramic Engineering, Uni- 
versity of Illinois 


Vice-President and General Man- 


ager, Central Michigan Clay 
Products Company 
Assistant General Superintendent, 


Metropolitan Paving Brick Com- 
pany 
President Iroquois China Company 


President and General Manager, 
Universal Sanitary Manufactur- 
ing Company ; 


Bureau of Standards 


Ceramic Engineer, Research Work, 
Westinghouse Electric and Manu- 
facturing Company 
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Kocu, CHARLES FREDERICK, 
Cincinnati, Ohio 
Kocu, Jurius J., 
3325 Caroline St., St. Louis, Mo. 
KOHLER, WALTER J., 
Kohler, Wis. 
KRAUS, CHARLES ERNEST, 
350 87th St., Brooklyn, N. Y. 
Krick, GrEorcE M.., 
Decatur, Ind. - 
Kriec, Henry F., 
1229 S. 60th Ave., Cicero, IIl. 
Kriec, WILLIAM G., 


1120 Chamber of Commerce, Chicago, 
Tl. 


LAMBIE, JAMES M., B:S., 
Washington, Pa. 


LANDERS, WILLIAM FRANKLIN, 
Indianapolis, Ind. 


LarpIn, R. H., 
Creighton, Pa. 


LARKIN, Pau. Girrorp, B.Sc., Cr.E., 
Denver, Colorado 
LaRKINS, SAMUEL B., 
Salineville, Ohio 
LAUGHLIN, SAMUEL OTT, 
Wheeling, W. Va. 
LarMAN, F. E., E.M. (in Cer.), 
The Aberdeen, Milwaukee, Wis. 
LEPaAGE, Just, 
Willamina, Oregon 
LrEvINGS, GEORGE VAN B., 
_ Via Palisade, Nevada. 
LINBARGER, SILAS Cart, B.S. 
Niagara Falls, N. Y. 
LinvER, Cyrsit S., B.S., 
6341 Parnell Avenue, Chicago, IIl. 
LINDLEY, JACOB, 
Tiltonville, Ohio 
Lioyp, Harry, 
New Salisbury, Ohio 
Locke, FREDERICK M., 
Victor, N. Y. 
LoNnGENECKER, H. L., Cr.E., 
614 Commerce Bldg., Columbus, Ohio 
Loomis, GEORGE ALLEN, CR.E., 
40th and Butler Sts., Pittsburgh, Pa. 
LouTHAN, Wm. B., 
East Liverpool, Ohio 


MEMBERSHIP LISTS 


National Sales Company 


President, J. M. Kohler and Sons 
Company 


Refractories Engineer, 
Johns-Manville Company 


General Manager, Krick, Tyndall 
and Company . 


Midland Terra Cotta Company 


Ho 3 W: 


President, Midland Terra Cotta 


Company 


Vice-President and Assistant Gen- 
eral Manager, Findlay Clay Pot 
Company 

Superintendent, 
Tile Works ; 

Assistant Chemist, Research De- 
partment, Pittsburgh Plate Glass 
Company 

Ceramic Chemist, 
Cotta Company 

Superintendent, 
Company 


President and General 
Wheeling Tile Company 


U. S.. Encaustic 


Denver Terra 


National China 


Manager, 


Chemist, Cutler-Hammer Com- 
pany 

Head Burner, Pacific Face Brick 
Company 


Union Mines 

Carborundum Company 

Pittsburgh Plate Glass Company 
eee Potteries Company 
Superintendent, Colonial Clay and 


Coal Company 
Manufacturer of Porcelain Insula- 


tors 
Hoop Patent Kiln Company 
United States Bureau of Standards 


Manager, Louthan Supply Company 


AMERICAN CERAMIC SOCIETY 


Evcas,.HsJ., 
2525 Clybourn Ave., Chicago, Ill. 
Lyon, Joun Boyp, B.S., 
Crawfordsville, Ind. 
McBean, ATHOLL, | 
311 Crocker Bldg., San Francisco, Cal. 
McCann, JAMEs §., 
Streator, III. 
McCrave, J. M., 
Camfield, Mahoning Co., Ohio 
McDouca.L, TAINE G., CR.E., 
Flint, Mich. 
McE roy, Roy HARDEN, CR.E., 
1930 N. Main St., Dayton, Ohio 
MacGrecor, JOHN Roy, 
1106 Tacoma Bldg., Chicago, IIl. 
MACKENZIE, WILLIAM G., 
Wilmington, Del. 


MacMicHaeEL, Paut S., 

Auburn, Washington 
MacMicHaeL, R. F., 

P. O. Box 253, Seattle, Wash.-- - 
McMitian, HErsert G., 

Detroit, Mich. 


McNaucuton, Matcotm, M.E., 
Jersey City, N. J. 

MeVay, TF. M., B.S, Cr.E., 
Streator, Ill. 

Mappock, A. M., Jr, 
Trenton, N. J. 

Mappock, Henry E., 
Trenton, N. J. 

Mappock, JOHN, 
Trenton, N. J. 

MALINovs zKY, ANDREW, 
Lincoln, Ill. 

Mam, ArtTHuR T., Cr.E., 
Worcester, Mass. 

MatscH, WERNER, 
100 Williams St., New York, N. Y. 


Ma trtpy, ALFRED, 
Corning, N. Y. 
Manoprg, I., 
Wright Bldg., St. Louis, Mo. 
MANDLE, SYDNEY, 
Wright Bldg., St. Louis, Mo. 
Manoter, Cuas., J., B.L., LL.B., 
2104 Franklin Ave., Toledo, Ohio ~ 


General Manager, 
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Vice-President, Northwestern Terra 
Cotta Company 


Standard Brick Company 


Secretary, Gladding, McBean and 
Company 
Superintendent, Streator Clay 


Manufacturing Company 

American Fire 
Clay Company 

Champion Ignition Company 


Ceramic Engineer, C. W. Raymond 
Company 
Chemist, Picher Lead Company 


Manager, Golding Sons Company, 
Wilmington, Delaware  Depart- 
ment 

President, Northern Clay Company 


Manager and Secretary, Porcelain 
Enameling and Manufacturing 
Company 

Superintendent, Joseph Dixon Cru- 
cible Company 


Streator Brick Company 


Vice-President, Thomas Maddock’s 
Sons Company 

With John Maddock Sons Com- 
pany 

John Maddock and Sons 


Chemical Engineer 


Factory Investigator, Research Lab- 
oratories, Norton Company 

Manager, Ceramic Department. The 
Roessler and Hasslacher Chem- 
ical Company 

Superintendent, Corning Brick 
Terra Cotta and Tile Company 

Secretary and Treasurer, Mandle 
Clay Mining Company 

Assistant Treasurer, The Mandle 
Clay Mining Company 

President, Allen Filter Company 
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Manor, JNo. M., 
East Liverpool, Ohio 
Martz, JOSEPH ADELBERT, CRr.E. 
244 W. Tenth Ave., Columbus, Ohio 
Mason, ForTuNnaATus Q., 
East Liverpool, Ohio 
Mayer, WALTER STANLEY, B.S., 
1520 Third Ave., New Brighton, Pa. 
MEL or, F. G., 
Wheeling, W. Va. 
METZNER, OTTO, 
Cincinnati, Ohio 
MIDDLETON, JEFFERSON, 


1736 Corcoran St., Washington, D. C. 


Mitter, DonALp M., 
633 Monmouth St., Trenton, N. J. 
MILLIGAN, FRANK W., 
Parkersburg, W. Va. 
MILisom, WALTER C., 
Macomb, III. 
Miner, Haruan S., B.S. (in Ch.), 
Gloucester City, N. J. 
Moore, Herserr W., : 
Perth Amboy, N. J. 
MoorsHEAD, THOMAS COURTNEY, 
Alton, Ill. 
MorcAaNn, FREDERICK ARTHUR, B.S., 
1106 Tacoma Bldg., Chicago, Ill. 
Morris, Georce D., Cr.E., 
St. Louis, Mo. 


Moses, JAMES, 
Trenton, N. J. 
Mou tron, D. A., 
Ironton, Ohio 
MucKENHIRN, CHARLES H., 
550 Chalmer Ave., Detroit, Mich. 
MULHOLLAND, VERGIL, 
Darlington, Beaver Co., Pa. 
MunsHaw, Lampert M., 
North Crystal Lake, IIl. 
Murray, GERARD A., Cr.E., 
Mt. Savage, Md. 
Myers, CHARLES H., Cr.E., 
10 Third Ave., Murray, Utah 
NeEtson, Iprts, A.B., 
Y. M. C. A., Galesburg, Il. 
NiceLty, CuHartes Aucustus, Cr.E., 
Watsontown, Pa. 
Nies, FrepericK Haroxp, D.D.S., 


859 Bay Ridge Ave., Brooklyn, N. Y. 


MEMBERSHIP LISTS 


Manager, The Golding Sons Com- 
pany 
The Norton Company 


Mason Color and Chemical Com- 
pany 

Assistant to Manager, Mayer China 
Company 


Wheeling Tile Company 


Superintendent of Manufacture, 
Rookwood Pottery Company 

Statistician, U. S. Geological Sur- 
vey 

Secretary, Crossley Machine Com- 
pany — 

General Manager, Electric Porce- 
lain Company 

Student in Ceramics, University of 
Illinois 


Chief Chemist, Welsbach Company 


Chief Chemist, Atlantic Terra 


Cotta Company 

Chief Engineer, Illinois Glass Com- 
pany 

Sales Dept., Picher Lead Company 


Superintendent, Evans and Howard 
Fire Brick Company, Works Nos. 
1 ands: 


Mercer Pottery Company 
Ceramic Engineer 


General Representative, Standard 
Sanitary Manufacturing Company 


Engineer, Darlington Clay Products 
Company 


Ceramist, American Terra Cotta 
and Ceramic Company 


Union Mining Company 


Superintendent, Murray Plant, Utah 
Fire Clay Company 

Chemist, Purington Paving Brick 
Company 
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OrFiceE, LEon R., B.S. in CRE... 
Mellon Institute, Pittsburgh, Pa. 
OrTMAN, FRep. B., Cr.E., 
401 Vernon Ave., Long Island 
City; Ni, Y. 
Oupin, CuHartes P., 
2327 Pacific Ave., Spokane, Wash. 
OVERBECK, ELIZABETH G., 
Cambridge City, Ind. 
OwENs, Francis T., 
Ridgway, Pa. 
Pass, RicHArp Henry, A.B., 
Syracuse, N. Y. 
PATERSON, ALEXANDER, PH.B.,M.A., 
Clearfield, Pa. 
PELTON, Herperr Epwarp, A.B., 
Da Dip 
1922 Dracena Drive, Los Angeles, Cal. 
PENFIELD, L. W., 
Willoughby, Ohio 


PENRIEDD, “Ra, 
Willoughby, Ohio 


PEREGRINE, CLARENCE R., 
411 Washington Ave., Charleroi, Pa. 
PFAU, CHARLES, 
Cincinnati, Ohio 
PHILLIPS, WILLIAM L., 
1261 St. Charles St., Almeda, Cal. 
Pierce, O. W., 
Olean, N. Y. 
Pierce, Ropert H. H., B.A., 
Box 516 Hazelwood, Pittsburgh, Pa. 
PitcairN, WILLIAMS S., 
44 Murray St., New York, N. Y. 
PiuscH, Herman A., M.Sc., 
Philadelphia, Pa. 
PoLEN, GeorceE, A., 
1012 Wooster Ave., Canal Dover, Ohio 
PooLe, JoSHUA, 
East Liverpool, Ohio 
Porter, Frep BAxer, B.S., Cu.E., 
Fort Worth, Texas 
Post, MAtcoim P., 
Commerce, Mo. 
Poste, Emerson P., B.S., 
Elyria, Ohio 
PowEL., WitiiAm H., 
200 W. Seventieth St., 
ING 2Y?: 


New York, 


29 


Ceramic Chemist, H. Koppers Co., 
Mellon Institute, Pittsburgh 


Ceramic Engineer, New York 
Architectural and Terra Cotta 
Company 

Manager, American Fire Brick 
company 

Overbeck Pottery 

Treasurer and General Manager, 


Ridgway Brick Company 
Chemist, Onondaga Pottery Com- 
pany 
Secretary and Treasurer, Paterson 
Clay Products Company 


Secretary and _ Treasurer, 
Coast’ Tile: Co. Inc. 


West 


Vice-President and Resident Man- 
ager, American Clay Machinery 
Company 


President and General Manager, 
American Clay Machinery Com- 
pany 

General Superintendent, Macbeth 


Evans Glass Company 


President, The Pfau Manufacturing 
Company 


N. Clark and Sons 
Olean Tile Company 


Chief Chemist, Harbison-Walker 
Refractories Company 


Importer of China and Earthen- 
ware 


Research Engineer, Abrasive Co. 


General Superintendent, Robinson 


Clay Products Company 
Manager, Homer Laughlin China 
Company 
President, Fort Worth Laboratories 


Superintendent, Post Brothers — 


Chemical Engineer, The Elyria 
Enameled Products Company 
President, Atlantic Terra Cotta 
Company 


30 MEMBERSHIP LISTS 


Preston, Francis C., 


509 Cuyahoga Bldg., Cleveland, Ohio 


PRIMLEY, WALTER S., A.B., 


1120 Chamber of Commerce, Chicago, 


Ill. 
PurRINTON, BERNARD S., 
Wellsville, Ohio 
Pyatt, FRANK E., 
128 Sharon Ave., Zanesville, Ohio 
Rainey, L. B., Cr.E., 
42 Sherman Ave., Mansfield, Ohio 
RAMSAY, ANDREW, 
Mt. Savage, Md. 
RAMSAY, JOHN D., 
St. Marys, Pa. 
RANCKE, Louis N., 
45 Knickerbocker Bldg., 
Md. 
RANDALL, JAMEs E., 
Indianapolis, Ind. 
*RANDALL, THEODORE A., 
_ Indianapolis, Ind. 
RATHFON, WILLIAM OweEN, B.S., 
203 N. Chicago Ave., Brazil, Ind. 
RATHJENS, GEorGE WiLLIAM, B.S., 
6. Sy 
St. Paul, Minn. 
RAYMOND, GEorGE M., 
°1511 Grand Ave., Dayton, Ohio 
REA, WILLIAM J., 
Buffalo, N. Y. 
REED, CHAs. S., 
832 W. Adams St., Chicago, IIl. 
Reeve, Howarp T., F.1.C., 
South Bridge, Mass. 
REYNOLDS, Pierce B., A.B., 
433 Wyoming Ave., Kingston, Pa. 
RHEAD, FREDERICK HUuRTEN, 
Santa Barbara, Calif. 
RHOADES, RALPH STANLEY, 
St. Louis, Mo. 
RICHARDSON, ERNEST, 
Beaver Falls, Pa. 


Baltimore, 


Riess, DEWIrr F., 
Sheboygan, Wis. 


Rivers, WILLIAM Epwarp, 
Old Bridge, N. J. 


* Life member 


Vice-President and Sales Manager, 
Dover Fire Brick Company 

Secretary and Treasurer, Midland 
Terra Cotta Company 


United States Pottery Company 


The Andrew Ramsay Company 


President and General Manager, 
Elk Fire Brick Company 


Junior Editor, Clayworker 


Editor, Clayworker 


Chicago Fire Brick Company 


Superintendent, Twin City Brick 
Company 


General Manager, C. W. Raymond 
Company 
Superintendent, 
Company 
President Chicago Retort and Fire 

Brick Company 
Chief Scientist, American Optical 
Company 
Treasurer, 
Company 


Buffalo Pottery 


Dorrance Terra Cotta 


. Editor and Manager, Potter Pub- 


lishing Company 

General Manager, Evens and How- 
ard Fire Brick Company 

Vice-President and Treasurer, In- 
gram-Richardson Manufacturing 
Company . 

Secretary and Factory Manager, 
Vollrath Company 

Vice-President, Old Bridge Enam- 
eled Brick and Tile Company 
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RoBERTSON, FREp. H., 
809 N. Alvarado St., Los Angeles, Cal. 
Rosertson, HucH ScHUYLER, B.S., 
211 Sycamore St., Pittsburgh, Pa. 
RoBINnEAU, S., 
108 Pearl St., Syracuse, N. Y. 
Rosinson, Louis G., M.E., 
4th and Park Aves., Newport, Ky. 
RocKHOoLp, KENNETH Epwarp, B.S., 
Zanesville, Ohio 
Ropcers, EBEN, 
Alton, Ill. 
ROESSLER, FRANZ, 
39 High St., Perth Amboy, N. J. 
Rocers, Grecory L., 
Danville, Il. 
Rose, ARTHUR VEAL, 
Hehe bhintysixthe ot, 
INGLY’. 
RUSOFF, SAMUEL, 
Anderson, Ind. 
RYAN, JoHN J., B.S., 
Seguin, Texas 
SALISBURY, BERT E., 
1810 W. Genesee St., Syracuse, N. Y. 
SANDERS, JOHN W., 
Moundsville, W. Va. 
SANT, THOMAS HERBERT, 
East Liverpool, Ohio 
-SAUNDERS, WILLIAM Epwarp, B.S., 
E.M.., 
1401 Arch St., Philadelphia, Pa. 
SCHACHTEL, S. H., Cr.E., 
Coffeyville, Kansas 
SCHAPPER, WALTER, 
192 N. Clark St., Chicago, Ill. 
SCHAULIN, GEORGE MARVIN, 
Mazon, Ill. 
SCHURECHT, HARRY GEORGE, 
Lord Hall, O. S. U., Columbus, Ohio. 
SEAVER, KENNETH, S.B., 
Pittsburgh, Pa. 


New York, 


SEBRING, CHARLES L., 
Sebring, Ohio 
SHEERER, Mary G., 
Newcomb Pottery Company, 
New Orleans, La. 
SHOEMAKER, GEORGE W., 
Room 305, 20 E. Broad St., Columbus, 
Ohio 
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Los Angeles Press Brick Company 


Harbison-Walker Refractories Com- 
pany 

President, Keramic Studio Publish- 
ing Company 


L. E. Rodgers Engineering Com- 
pany 

Secretary and _ Treasurer, 
Brick Company 


Roessler and Hasslacher Chemical 
Company 
American Refractories Company 


Alton 


General Manager, Haviland and 


Company 
National Tile Company 


Secretary, Seguin Brick and Tile 
Company 

President, Onondaga Pottery Com- 
pany 

Enameler, United States Stamping 
Company 

Secretary - Treasurer, The 
Sant and Sons Company | 

Engineer, United Gas Improvement 
Company 


John 


Ludowici-Celadon Company 


Salesman, Roessler and Hasslacher 
Chemical Company 


United States Bureau of Mines 


Assistant General Sales Manager, 
Harbison - Walker Refractories 
Company 

General Manager, Sebring Pottery 
Company 

Assistant Director, Newcomb Pot- 
tery 
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SINCLAIR, GEORGE E., 
Trenton awN«we 

SINCLAIR, HERBERT, 
Trenton, N. J. 

SINGER CLL 

Calif. 

SmiTH, AMEDEE M., 
Portland, Oregon 

SmitH, Harry W., 

314 Smith St., East Liverpool, Ohio 
SMITH, JAMEs M., 
New Castle, Pa. 
SmitH, NorMAN G., 
Brunswick, Me. 
SMiTH, Perry A., 

New Brighton, Pa. 
SoLton, ALBERT L., 
Hairfax, Calit. 
SoLton, Marc, 
Trenton, N. J. 
SpPEIR, Harry F., 
Cedarville, N. J. 
SPIKER, JOHN A., 
811 Kearns Bldg., 
Utah 
SPRINGE, Otro, B.S., 
Galesburg, IIl. 
SproaT, IrA E., 
Dry Branch, Ga. 
SPURRIER, Harry, 
704 Sheridan Ave., Derroit, Mich. 
STAMM, JOHN, 
859 Ohio Ave., E. Liverpool, Ohio 
STANGER, FREDERICH, 
520 Walnut St., Philadelphia, Pa. 
STANGL, MartIN, 
Dundee, Ill. 
STANLEY, WILLIAM W., Pu.B., 
Great Barrington, Mass. 
STAPLER, WALTER STEVENS, 
Stevens Pottery, Ga. 
STAuptT, AUGUST, 
Perth Amboy, N. J. 
STEINMAYVER, R.A. J..cB5s 
LaSalle, Il. 
STERN, NEwTon W., 
67 New Montgomery St., 
San Francisco, Calif. 
StEvENS, Douctas F., M.E., 
Cayuga, Indiana 


Lincoln, 


Salt “Lake City, 


MEMBERSHIP LISTS 


Secretary, Star Porcelain Company 


General Manager, Star Porcelain 
Company 

Chemist, Gladding, 
Company : 

President Western Clay Manufac- 
turing Company 

Representative, Roessler and Hass- 
lacher Chemical Company 

Treasurer, Shenango Pottery Com- 
pany 

Treasurer and General Manager, 
Maine Feldspar Company 


Secretary, A. F. Smith Company. 


McBean and 


Manager, Arequipa Pottery 


General Manager and _ Secretary 
Mercer Pottery Company 


President, New Jersey Pulverizing 
Company = 

General Manager, United States 
Fire Clay Company 


Ceramic Engineer, Purington Pav- 
ing Brick Company 


Chemist, Jeffrey-Dewitt Company 


Superintendent, The Croxall Chem- 
ical and Supply Company 

Sales Manager, Enterprise White 
Clay Company 

Haeger Brick and Tile Company 


Manager, Stanley Insulating Com- 
pany 

Assistant General Manager, Stevens 
Brothers and Company 

President, Perth Amboy Tile Works 


LaSalle Pressed Brick Company 


Secretary and Treasurer, Pacific 


Porcelain Ware Company 


Superintendent, Acme Brick Com- 
pany | 
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STEVENSON, Wo. G.,, Secretary-Treasurer, Ohio Silica 
Oregon, Ill. Company 

STOWE, CHARLES Brown, President, National Fire Brick 
Cleveland, Ohio « Company 

SwALM, PHaon H., Assistant Superintendent, Trenton 


Erenton,; N- J. 
TAMLYN, WALTER Irvine, E.E., 

359 Crown St., Brooklyn, N. Y. 
TATTON, JOSEPH, . 

206 Academy St., Trenton, N. J. 
Taytor, Rovat W., 

707 Twelfth St., N. W., Cantdén, Ohio 


FEFFT, CHARLES Forest, B.S. (in 


Cer.)5 
Darlington, Beaver Co., Pa. 
THOMAS, CHAUNCEY RAPELJE, 
2336 San Pablo Ave., Berkeley, Calif. 
Tuomas, Davin C., 
Wellsville, Ohio 
Tuomas, GEorRGE E., 
St. Louis, Mo. © 
Tuomas, JAmeEs Ray, B.S.(in E.E.), 
Crawfordsville, Ind. 
THRALL, CHARLES U., 
1170 Broadway, New York, N. Y. 
MHELOTSON. = epWIN Wo. Jeo B.A., 
PH.D. 
Pittsburgh, Pa. 
Titton, EArt Monroe, Cr.E., 
96 W. 9th Ave., Columbus, Ohio 


TIMMERMAN, WALTER F., 


Kansas City, Kansas 
Tone, FRANK J., 

Niagara Falls, N. Y. 
TOWNSEND, EVERETT, 

344 Bellevue Ave., Trenton, N. J. 
TRAUTWEIN, J. O., 

417 S. Dearborn St., Chicago, IIl. 
TREISCHEL, CHESTER, B.S., 

127 S. Chicago Ave., Kankakee, III. 
TRUMAN, Gait R., 

5801 Manchester Ave., St. Louis, Mo. 
TuRNER, A. M., M.E., 

Sciotoville, Ohio 
Van ScHoIK, ELMER Hormes, B.S., 

CmeGCer.),, 

Box 166, Ottawa, Ill. 
VoprEy, WILLIAM E., 

East Liverpool, Ohio 


Fire Clay and Porcelain Company 


Assistant Engineer, with Ralph D. 
Mershon. 


Trenton Potteries Company 


Assistant Secretary and Chemist, 
The Canton Stamping and Enam- 
eling Company 

Manager, Darlington Clay Products 
Company 


Ceramics Chemist. suet Orn Ottery 
Company 

General Superintendent, Highlands 
Fire Clay Company 


Manager, Standard Brick Company 


Superintendent, Atlantic Terra Cotta 
Company 


University of Pittsburgh 


Assistant Testing Engineer, State 


Highway Department 
Superintendent, Western Terra Cot- 
ta Company 
Works, Manager, Carborundum 
Company 
General Manager, 
Tile Company 
President, Trautwein Dryer 
Engineering Company 
Kankakee Brick and Tile Company 


Robertson Art 


and 


Ceramic Chemist, St. Louis Terra 
Cotta Company 

Superintendent and Treasurer, Sci- 
oto Fire Brick Company 

Chicago Retort and Fire 
Company 


Brick 


General Manager, Vodrey Pottery 
Company 
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VoOLLKOMMER, JOSEF, 

Bessemer Bldg., Pittsburgh, Pa. 
Voiz, WiLiiAM J., 

St. Louis; Mo. 
WAGNER, FRITz, 

1000 Clybourn Ave., Chicago, III. 


WALKER, CHARLES HENRY, 
400 W. 4th St., East Liverpool, Ohio 
Wacker, F. Wo., Jr., B.S. (in M.E.), 
Beaver. Falls, Pa. 
WaANKA, F. O., 
Clare and Wiscomico Sts., Baltimore, 
Md. 


Warp, J. W., 
628 E. Main St., Latrobe, Pa. 
WEIGEL, CHARLES, 
Hebron, North Dakota 
Wee; Pociaei. Bs. 
Cleveland, Ohio 
WELLS, Harry B., 
Canton, Ohio 
WHITAKER, FRep. A., 
Keasbey, N. J. 
Ware, Ray Hi A.BsoS.B.« 
Niagara Falls, N. Y. 
WHITELAW, JAMES CAMERON, B.S., 
1220 Boren Ave., Seattle, Wash. 
WHITForRD, WILLIAM GARRISON, 
PuH.B. (in Cer.), 
Chicago, Ill. 
Wuirtme_r, J. D., Cr.E., 
9 Ball St., Zanesville, Ohio 
WIGFIELD, CLAUDE LAWRENCE, 
205 and Stet ly ria Oho 
WILpER, THoMAS MILTON, 
Ravinia, IIl. 
WILL, Otto W., 
Perth Amboy, N. J. 


Witson, Hewitt, Cr.E., 
Auburn, Washington 
Woops, WiiiiAM J., A.B., 
Lewistown, Pa. 
Worth, S. Harry, 
706 Franklin Bank Bldg., 
Philadelphia, Pa. 
Wricut, JosEPH WILLIAM, 
511 E. Green St., Champaign, Iil. 


MEMBERSHIP LISTS 


President and Manager, The Vitro 
Manufacturing Company _ 

Superintendent, Evens and Howard 
Fire Brick Company 

Vice-President and Treasurer, The 
Northwestern Terra Cotta Com- 
pany 

Assistant Superintendent, 
Laughlin China Company 

Superintendent, Beaver Falls 
Tile Company 


Maryland Terra Cotta Company 


Homer 


Art 


General Superintendent, Pittsburgh 
High Voltage Insulator Company 


President, Hebron Fire and Pressed 
Brick Company 


Secretary and Works - Manager, 
Enamel Products Company 


Superintendent, Belden Brick Com- 
pany 

Superintendent, German - American 
Stoneware Works, Plant No. 1 


Research Engineer, Norton Com- 
pany 


Instructor in Design and Ceramic 
Art, University of Chicago 


American Encaustic Tile Company 


_Enameler, Enamel Pipe and Engi- 


neering Company 
Proprietor, Wildwood Shop 


Superintendent, Color Department, 
Roessler and Hasslacher Chem- 
ical Company 

Ceramic Chemist, 
Company 

Assistant General Manager, Penn- 
sylvania Pulverizing Company 


President, Pennsylvania Feldspar 
Company 


Northern Clay 


Student, Ceramic Engineering, Uni- 
versity of Illinois 
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YATES, ALFRED, 
Shawmut, Elk County, Pa. 
YEARSLEY, Howarp L., 
133 Wesmont Ave., Haddonfield, N. J. 
Younc, GeorceE F., 
Zanesville, Ohio 
YOwWELL, JOHN BENNETT, B.S., 
Dudley, Ill. 
ZopPri, ALBERT S., 
Toledo, Ohio 


General Manager, Shawmut Paving 
Brick Company 


Manager, Electrical Porcelain and 
Manufacturing Company 

Manager, Roseville Pottery Com- 
pany 


Secretary and Treasurer, Buckeye 
Clay Pot Company 


RULES OF THE SOCIETY 
[Revised 1915] 


I 


OBJECTS 


The objects of the American Ceramic Society are to promote the 
arts and sciences connected with ceramics by means of meetings for 
the reading and discussion of professional papers, the publication of 
professional literature, and for social intercourse. 


II 


MEMBERSHIP 


The Society shall consist of Honorary Members, Active Members, 
Associate Members and Contributing Members. 

Honorary members must be persons of acknowledged professional 
eminence, whom the Society wishes to honor in recognition of their 
achievements in ceramic science or art. Their number shall at no 
time exceed two percent of the combined active and associate mem- 
bership. 

Active members must be persons competent to fill responsible 
positions in ceramics. Only Associate Members shall be eligible to 
election as Active Members, and such election shall occur only in 
recognition of attainments in the field of ceramics, and interest in the 
Society, as evidenced by papers or discussions contributed to its 
meetings. 

Associate Members must be persons interested in ceramics or 
allied arts. 

Contributing Members must be persons, firms, or corporations 
who, being interested in the Society, make such financial contributions 
for its support as are prescribed in Section 3. 

Honorary Members shall be nominated for election by at least 
five active members, and approved by the Board of Trustees. Their 
nomination shall be placed before the Society at an annual meeting, 
and to be elected they must receive the affirmative vote of at least 90 
percent of those voting, by letter ballot, at the next succeeding annual 
meeting. 

To be promoted to active membership, Associate Members must 
be nominated in writing by an Active Member, and must be seconded 
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by not less than two other Active Members, and must be approved 
by the Board of Trustees. Their nomination shall be accompanied by 
a statement of their professional qualifications and a list of their 
publications, if any. Their nominations, when approved by the Board 
of Trustees, shall be placed before the Society at an annual meeting, 
and to be elected they must receive the affirmative vote of not less 
than 75 percent of those voting, by letter ballot, at the next suc- 
ceeding annual election. 

A candidate for Associate Membership must make application 
upon a form, prepared by the Board of Trustees, which shall contain 
a written statement of the age and professional experience of the 
candidate, and a pledge to conform to the.laws, rules and requirements 
of the Society. Such applications must be endorsed by two Active 
Members of the Society as sponsors, and must be approved by the 
Board of Trustees. The Board may act by letter ballot upon such 
application at any time, after which an approved candidate may be 
enrolled on the proper list of the Society upon payment of the fees 
and dues prescribed in Section 3. 

Contributing Members shall be nominated by an Active Member, 
and approved by the Board of Trustees, and may be enrolled on the 
proper list of the Society at any time upon payment of the dues pre- 
scribed in Section 3. 

All Honorary Members, Active Members, Associate Members, 
and Contributing Members shall be equally entitled to the privileges 
of membership, except that only Active Members shall be entitled to 
vote and hold office. The roster of each grade of membership shall 
be printed separately, in at least one publication issued by the. Society 
annually. Any person may be expelled from any grade of the mem- 
bership of the Society if charges signed by five or more active mem- 
bers are filed against him, and a majority of the Board of Trustees 
examines into said charges and sustains them. Such person, however, 
shall first be notified of the charges against him, and be given a rea- 
sonable time to appear before the Board of Trustees, or present a 
written defense, before final action is taken by the Board of Trustees. 


ini 


DUES : 

Honorary Members shall be exempt from all fees or dues. 

The initiation fee of Active Members shall be ten dollars, and if 
not paid within three months after the date of their election, the latter 
shall be null and void. The annual dues for Active Members shall be 
fixed by the Board of Trustees, and shall not exceed ten dollars. 

The initiation fee of Associate Members shall be five dollars, and 
their annual dues shall be fixed by the Board of Trustees, but shall 
not exceed five dollars. The privileges of Associate Membership after 
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election shall begin upon payment of the initiation fees, and dues for 
the first year. 

Contributing Members shall pay no initiation fee into the Society. 
Their annual dues shall be fixed by the Board of Trustees, but shall 
not exceed twenty-five dollars. The privileges of membership shall 
begin upon payment of the annual dues. 

Any Active Member ot Associate Member in arrears for over one 
year may be suspended from membership by the Board of Trustees, 
until such arrears are paid, and in event of continued dereliction, may 
be dropped from the rolls. Active Members in arrears are not eligible 
to vote. The annual dues of Active and Associate Members are pay- 
able within three months succeeding date of annual meeting. 


IV 


OFFICERS 


The affairs of the Society shall be managed by a Board of Trus- 
tees, consisting of a President, Vice-President, Secretary, Treasurer 
and three Trustees, who shall be elected from the Active Members 
at the annual meeting, and hold office until their successors are elected 
and installed. 

The President, Vice-President, Secretary and Treasurer shall be 
elected for one year, and the Trustees for three years; and no Presi- 
dent, Vice-President, or Trustee shall be eligible for immediate re- 
election to the same office. . : 

The duties of all officers shall be such as usually pertain to their 
offices, or may be delegated to them by the Board of Trustees or the 
Society; and the Board of Trustees may, at its discretion, require 
bonds to be furnished by the Treasurer. 

Vacancies in any office shall be filled by appointment by the 
Board of Trustees, but the new incumbent shall not thereby be ren- 
dered ineligible to re-election at the next annual meeting to the same 
office. On the failure of any officer to execute his duties within a 
reasonable time, the Board of Trustees, after duly warning such officer, 
may declare the office vacant, and appoint a new incumbent. 

A majority of the Board of Trustees shall constitute a quorum, 
but the Board of Trustees shall be permitted to carry on such business 
as it may desire by letter. 


V 


ELECTIONS 


At the annual meeting, a Nominating Committee of five Active 
Members, not officers of the Society, shall be appointed, and this 
committee shall send the names of the nominees to the Secretary at 
least sixty days before the annual meeting who shall immediately 
forward the same to the Active Members. Any other five Active 
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Members may act as a self-constituted Nominating Committee, and 
also present the names of any nominees to the Secretary, provided it 
is done at least thirty days before the annual meeting. The names of 
all nominees provided their assent has been obtained, shall be placed 
on the ballot without distinction as to nomination by the regular or 
self-constituted Nominating Committee, and shall be mailed to every 
member, not in arrears, at least twenty days before the annual meet- 
ing. The ballots shall be enclosed in an inner blank envelope, and the 
outer envelope shall be endorsed by the voter, and mailed to the Sec- 
retary. The blank envelopes shall be opened by three scrutineers ap- 
pointed by the President, who will report the result of the election at 
the last session of the annual meeting. A plurality of votes cast shall 
elect. 


VI 


MEETINGS 


The annual meeting shall take place on the first Monday in Feb- 
ruary, or as soon thereafter as can be conveniently arranged, at such 
place as the Board of Trustees may decide, at which time a report 
shall be made by the Board of Trustees, Treasurer and scrutineers of 
election, and the accounts of the Treasurer shall be audited by a com- 
mittee of three, appointed by the President. Ten Active Members 
shall constitute a quorum at any regular meeting, and a majority shall 
rule unless otherwise specified. 


The order of business at the annual meeting shall be: 


President’s address. 
Reading of minutes of last meeting. 
Reports of the Board of Trustees and Treasurer. 
Appointment of committees. 
Old business. 
New business. 
Reading of papers. 
8. Announcement of election of officers, Honorary and Active 
Members. 
9. Installation of officers and new members. 
10. Adjournment. 
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Other meetings may be held at such time and places during the 
year as the Board of Trustees may decide, but at least twenty days’ 
notice shall be given of any meeting. 

The President shall appoint at the annual meeting a committee of 
five, to be known as the Summer Meeting Committee, whose duty it 
shall be to arrange for a summer excursion meeting at some suitable 
point. The expenses of the Summer Meeting Committee .in arranging 
the program of visits and for printing, rooms and facilities for meet- 
ings, shall be borne by the Society. 
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VII 


PUBLICATIONS 


The Board of Trustees shall employ, at suitable compensation, 
an Active Member of the Society as Editor of its publications. The 
Editor, together with the Secretary and Treasurer, shall constitute a 
Publication Committee. The Publication Committee shall provide for 
the publication of an annual volume, entitled “Transactions of the 
American Ceramic Society.” This volume shall contain a list of the 
officers, a list of members of the Society, classified into grades, a list 
of the ex-Presidents, the dates and location of meetings, the annual 
report of the Board of Trustees and Treasurer, the list of prices of 
the publications of the Society, the rules of the Society, and any other 
matter pertaining to the business administration of the Society that 
the Publication Committee may think proper. It shall also contain 
such of the papers and discussions thereon as the Publication Com- 
mittee may consider desirable, and each volume shall contain a list 
of the papers and discussions and an index. The volume shall be six 
inches wide by nine inches long, and part of the issue shall be bound 
in paper covers and part in cloth binding. The quality of the paper, 
the kind of type, the illustrations, and all other mechanical details of 
the printing and publishing of the books or reprints shall be in the 
hands of the Publication Committee, subject to the control of the 
Board of Trustees. 

The acts and policies of the Publication Committee shall at all 
times be subject to the examination and approval of the Board of 
Trustees, but the Board shall be bound by contracts entered into by 
the Publication Committee in the name of the Society. The Publica- 
tion Committee shall have full power and authority to decide what 
papers and discussions to publish, which discussions shall be germane 
to the subject matter, and in what order they shall be published, and 
in what manner and to what extent they shall be illustrated. In 
eVent that the Board of Trustees shall undertake the publication of 
some other matter or book than the Transactions, the Publication 
Committee shall act in the same capacity for that publication as in 
the publication of the annual volume of the Transactions. 

One copy of the Transactions shall be sent prepaid to each member 
of the Society not in arrears. No member shall be furnished more than 
one copy of the Transaction free for any single year. Members cannot 
purchase extra copies of the Transaction at less than the current com- 
mercial rates. A member shall be permitted to purchase one complete 
file of the publications of the Society at less than the current com- 
mercial rate, the amount to be fixed by the Publication Committee and 
called the Member’s rate. 

The Secretary shall have the custody of all publications of the 
Society, shall keep them safely stored and insured, .and shall sell these 
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volumes to the public at prices which shall be fixed by the Publica- 
tion Committee for each new volume as issued. The Publication 
‘Committee shall also, from time to time, fix the price of the old vol- 
umes remaining unsold, and shall have authority to refuse to sell the 
old volumes of the Transactions except in sets, at such time as the 
quantity remaining of any number becomes so small, as in their judg- 
ment to warrant such action. 

The Editor shall request the author of each article appearing in 
the Transactions of the Society to fill out and sign, with a definite 
time limit, a blank form, specifying the number of reprints of said 
article, if any, which he desires. This form shall contain a table from 
which can be computed the approximate cost at which any reprints 
will be furnished. In event that the expense of furnishing the desired 
number of reprints is large, the Publication Committee may require 
the author to pay in advance for part or all of the cost involved be- 
fore the publication of reprints is begun. On receipt of such signed 
order within the time limit set, the Editor shall cause to have 
printed the desired number of copies. If the author makes no reply, 
or replies after the time limit has expired, then the Society will not 
be responsible for the publication of any reprints of the article in 
question, except at the usual market price for the printing of new 
matter. 

No one shall have the right to demand the publication of an 
article independent of the discussion which accompanied it, and no 
one having taken part in a discussion upon an article shall be entitled 
to order reprints of the discussion separately and apart from the article 
itself. 

The Society is not, as a body, responsible for the statements of 
facts or opinions expressed by individuals in its publications. 


VIII 


PARLIAMENTARY STANDARD 


Roberts “Rules of Order” shall be the parliamentary standard on 
all points not covered by these rules. 


IX 
AMENDMENTS 


To amend these rules, the amendment must be presented, in writ- 
ing, at the annual meeting of the Society, and must be printed on the 
ballot for officers and sent out not less than twenty days in advance 
of the next annual meeting, and if the said letter ballot shows an 
affirmative vote of not less than two-thirds of the total vote cast, then 
the same shall be declared carried. 
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Xx 


LOCAL SECTIONS 


Designation. Local Sections, each carrying some distinguishing 
title prefixed to the words “Section of the American Ceramic So- 
ciety,’ may be authorized by the Society. 

Purpose. The. purposes of such sections shall be to strengthen 
and extend the work of the Society as defined in Section I of its 
Rules, by more frequent meetings in local centers than are possible 
to the Society as a whole, and by bringing the benefits of the work 
to persons who would not otherwise be reached. 


Granting of Charters. Application for permission to form a 
local section must be in writing and signed by not less than ten members 
of the Society in good standing, residing in the general locality where 
the section is to be formed, of whom one at least shall be an Active 
member. To be considered at any given meeting, an application must 
be filed with the secretary at least 80 days prior to the date of the 
meeting, and notice that the application is pending must appear in 
the program of the -meeting. To be granted, the application must 
receive the affirmative vote of two-thirds of those present. In event 
of affirmative action, the Society will issue a charter to the applicants, 
authorizing them to form a section under the name proposed. Char- 
ters for local sections may be temporarily suspended by the Board of 
Trustees for cause, but no charter can be permanently rescinded, 
except by vote of two-thirds of those present at a regular meeting 
of the Society after due publication in the program of the meeting 
that the matter is pending. 

Legislative Powers. Local sections shall have power to make 
their own rules and by-laws, except that they shall not pass any rule 
or by-law which is in conflict with the Rules of the Society. 


Officers. The Officers of local sections shall be a Chairman, a 
Secretary and a Councilor, and such others as the Section may pre- 
scribe. The duties of the Chairman and Secretary shall be such as 
usually pertain to those offices. The Councilor must be an Active 
member of the Society, and it shall be his duty to advise the Section 
in all matters pertaining to its relations with the Society, and to 
make an annual report to the Society regarding the work and status 
of the Section. The names of the Chairman, Secretary and Councilor 
of each Section shall appear in the roster of the Society in the Annual 
Volume of the Transactions of the Society. 

Eligibility. Only members of the Society shall be eligible to full 
participation in the work of local Sections, but Sections may provide 
in their by-laws for a limited participation in their work by persons 
not members of the Society, when in their opinion the purpose of 
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the Society will be subserved by such a course, provided always that 
such persons shall not vote or hold office in the Section. 

Finances. Local Sections shall have power to fix their own gues 
or assessments, such dues or assessments being in addition to and 
independent of the regular dues and assessments of the Society upon 
its members. No Section shall have authority to incur debt in the 
name of the Society or for which the Society may become liable. 


XI 


STUDENT BRANCHES 


Designation. Student Branches, each carrying some distin- 
guishing title prefixed to the words “Student Branch of the American 
Ceramic Society,’ may be established in Institutions in which regular | 
courses of instruction in Ceramics are maintained. 


Purpose. The purposes of such Student Branches shall be to 
strengthen and extend the work of the Society, as defined in Section 
I of the Rules, by enlisting the interest and support of students of 
Ceramics while still in schools, and by stimulating the spirit of cer- 
amic research among them. 

Granting of Charters. Application to form a Student Branch in 
any institution must be in writing, and signed by not less than five 
regularly enrolled students in good standing and endorsed by two or 
more members of the Society. The application must be filed and 
acted upon as provided for Local Sections in Section X, and may be 
suspended or revoked for cause in the same manner. 


Legislative Powers. Student Branches shall have power to make 
their own rules and by-laws, except that they shall not pass any rule 
or by-law in conflict with the Rules of the Society. 


Officers. The officers of Student Branches shall be a Chair- 
man, a Secretary, a Councilor, and such others as the Student Branch 
may prescribe. The Chairman and Secretary shall be elected by the Stu- 
dent Branch, and their duties shall be such as usually pertain to these 
offices. The Councilor shall be an active member of the Society, ap- 
pointed by the Board of Trustees to act in this capacity to the 
Student Branch. The duties of the Councilor shall be to advise the 
Student Branch in all matters pertaining to its relations to the So- 
ciety and to make an annual report to the Society regarding the work 
and status of the Student Branch. The names of the Chairman, Sec- 
retary and Councilor for each Student Branch shall appear in the 
Roster of the Society in the Annual Volume of the Transactions. 

Eligibility. Membership in a Student Branch shall be limited 
to the instructional force and regularly enrolled students of schools in 
which branches are located, subject to the rules of the school con- 
cerned governing outside activities of students. 
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Finances. Student Branches shall have power to fix their own 
dues and assessments, and as such shall pay no dues or initiation fees 
to the Socity. No student Branch shall have authority to incur debt 
in the name of the Society or for which the Society may becom 
liable. 

Relation to Parent Society. Members of a Student Branch as 
such shall pay no dues or initiation fees to the Society, but upon de- 
positing a certificate of good standing from their Secretary may pur- 
chase from the Society its Transactions at the same rate as Associate 
members of the Society. This privilege shall cease when the student’s 
connection with the school ceases, but members of a Student’s Branch 
upon leaving school may at once become associate members of the 
Society, by depositing their certificates, making the proper applica- 
tion, and paying the regular initiation fee. 


PUBLICATIONS 


The following is a list of the volumes published by the Society 
and the prices at which they are for sale to the general public: 


‘ Boundin Bound in 


Description of volume. paper. cloth. 
Volt: USOOFS DH Ag ear ttas ye oc ck? Fee o $4 .00 $4.75 
Vol. Li. LOQOPA2 TS Paes. ices fake bes 4.00 4.75 
Vol. III. SOP oat PADS leds ow oc cheer 4.00 4.75 
VoknLV: OOD EU DAP estou, bates cass 4.00 4.75 
Vol. V. W003 & Ag0i mapes..<. See. Se: 5.00 5 (Ds 
AGE A TWA We GOs ACES Ia: Past, . cy fees 4.00 4.75 
WV Olay Le OUD RAO St Pages tes dic ge oe oa 4.00 4.75 
Vol aw ills OCG EA Tile 3a CS is Syd RS cakes 4.00 4,75 
Vol. Lx. MOO ty  B0R ena ges cae ee al eee. 5.00 5.75 
Voli xX: LODS renee PALESiete ie. bose. bates 5.00 5.79 
Vols Xl, ASOD eGo ce Nages nf shies un noes eRe 5.50 6.25 
Vol. X11, TOLO MASS ZRPACES es UE nie oe eed 5.50 6.25 
Wiolta LIT wamlOd e837 paces feo. ee eA 5.00 6:25 
Vol. XIV. RO Te COCA VA COSEe ae ase hes, se 5.90 6.25 
WolvsV OE aie IDawes can be ode cre eek 5.50 6.25 
Vol XV i POTAE Gilera sess sis... 45 sired cs os 5.50 6|25 
Wile Ney tie lO Lor Glo: PAGES oo-04 vcs Cereals Sao ae 6.25 
Vol XVII. = 1916; DAO OS se eh Mee ya he hers, ae Of25. 

OIG WE ERE ee OST ota re eos a ea $100.50 


* Volume XVII and all following Volumes will be bound in cloth only. 


The Board of Trustees established in the beginning a differential 
between members of the Society and others, in the matter of prices 
to be paid for copies of the Proceedings. This differential has been 
changed from time to time as volumes have grown scarcer and sales 
increased. The present arrangement, which’ will stand until March 1, 
1915, allows a straight discount of 40 percent to members in good 
standing. Members in arrears are not furnished copies of the volume 
for the current year, nor allowed the discount for the older publica- 
tion. Members are also not permitted to purchase more than one full 
set of publications at members’ rates. The care and sale of the 
Publications has been transferred to the Publication Committee, 
which reserves the right to change the discount from time to time on 
any one volume or on all, as may be necessary. 
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The number of copies of the earlier volumes is not large, and 
members are advised to procure full sets as soon as possible. The 
prices will never be less and will certainly rise as time goes on. 

In addition to the above volumes of the Transactions, the Society 
has also published the following books, which will be sold net at the 
prices listed to the public and members alike: 


The Collected Writings of Dr. Hermann August Seger, 
Volume I. Contains (a) Treatises of a General Scien- 
tific Nature. (b)Essays Relating to Brick and Terra 
Cotta, Earthenware and Stoneware, and _ Refractory 
Wares... Paves oo. = ound in cloth 2% 4 eee ee $7 .50 


The Collected Writings of Dr. Hermann August Seger, 
Volume II. (b) Essays on White Ware and Porcelain. 
(c) Travels, Letters and Polemics. (d) Uncompleted 
Works and Extracts from the Archives of the Royal 
Porcelain Factory. Pages, 605: Bound in cloth.......... 7.90 


A Bibliography of Clays and the Ceramic Arts, by Dr. John 
C. Branner, 1906, 451 pages. Bound in cloth. Contains 
6027 titles of works ‘on/Ceranmenstbyects aces oes ce eee 2.00 


The above publications will be shipped at the consignee’s expense, 
by express, to any address on receipt of the price. All checks or 
money orders should be made payable to the American Ceramic So- 
ciety, and not to the Secretary or the Treasurer. 


Epwarp OrTOoN, JR., 
Columbus, Ohio. Secretary. 


ANNUAL REPORT OF BOARD OF TRUSTEES. 


CLEVELAND, Ounio, February 21st, 1916. 
To the Members of the American Ceramic Society: 


The Board of Trustees submit herewith its report for the 
year ending February Ist, 1916. 


MEMBERSHIP 


Again we record a moderate growth — 33 in all classes. 
Considering the entirely abnormal conditions abroad, and the 
reflex effect of this condition in America, the showing is a good 
one. 

. Status February Ist, 1915 


PAC HOTAG ep MCIMCESA BO AA ee tes cles WALI C Os cea ela ls it 4 
OPOSETE ET SETS CCURSLS (7219 01 oy gt eo ree a 2 
PMELIVic MICU INELS SLOSIUCl te coun 6 ore oowcas. es nunc ne teen a 61 
PCUIVEmMMCINGELS © LOLCIOM siocn rs Sas oes ax Fae Coins aR eee 10 
Ee sOcramemmcinibers resident... ahs ck. ye Sandia a ao giae os 360 
Berssociate: members, fOreign: wanes stss Sele as eat ee 46 

TRG) SS SEES e ee RE Rr tery Re eee ter Ae nn ee 483 


Accessions by election during the year 


PACED MICTINGOES,  TESICEML ous oc acs iv, sis shi woes Goals «hs 5 


PUGHLVEaTICIN DEES, AOTCIOT 644.5 ido iw e Fake wate on gitloielmn a’ i 
Associatemmembers;, TEsident: ...<.c:« dees cece ae hese wan 60 
PSCOCIALCRTIC MCS TOLCIQIN 0. g cai a7 6 Sak sinmiaids Vales ae 2 
Crea COS SIOLISe- eee th Cot a2, ree eA Pa ie 68 
Losses during the fiscal year 
Wetivexmempers, resident, by death 00... .... ae. ee acwa ss 1 
Active members, resident, by resignation ............. 2 
Associate members, resident, by death.................. 2 
Associate members, resident, by resignation ........... 7 
Associate members, resident, by promotion to active ... 6 
Associate members, resident, by non-payment of dues.. 13 
PVSSOCIA LGR EMI DEES LOLEIO TN boc teieed shone vibe PAR e nous ence 4 
STIS oc SOLS a ae aes ora >. a 35 
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Status February Ist, 1916. 


Honorary members “2s -2..5. 22s seece. te ee 
Contributing “members: 4 Way ee Ae eee 
Activé members, resent. 25 Pa. ants a ee 
ACHYE Members? {LOTeig i aw es aro ee aoa oe See 
Associate mienbers, resident: ar Jaane ee ee 
Associaté_ members, -foreigy 2.05. wt eee eee 


Otel oho. sk 3 bs ae ee 


The analysis of a year ago on the membership question evi- 
dently bore fruit in some quarters. Everything that was said 
at that time might truthfully be repeated, but the chief point 
to remember is we should carry our propaganda actively for- 
ward wherever we can and enlarge the circle of men who might 


profit by the Society’s work and are not doing so. 


FINANCIAL STATEMENT 


The money affairs of the Society are in good shape, as 


shown in the following statement: 


RECEIPTS 
Brought Forward from Preceding Year .......... $ 1,269.80 
Receipts from Dues for 1915. 
PCIIV Es IMETNIORS:. «7 See. sais anata rene eee 472.50 
PLBSOCIAte MMEMDELS eee pe eee ee open L,B832.20 
Gontibuting ¢members:. 26. o.a ee ee 75.00 
‘Collections: onzarrearss ot .26 oe eee eee 182.00 
Payments-madern -advanCes: +2 as se eee 22.67 
Receipts from Initiation Fees. 
From active: members 243.20 ....0 5407 eee ) 40.00 
From ‘associate members. cee. eae eee 290.00 
Receipts from Sale of Publications. 
From “FransdctonsS ca. nes noe ape 892 87 
From Brafiner . Biblioorapliye.. oe eee 1.81 
From Seger’s Collected Writings... case 7.50 
Brom: Cloth “Bindings... a8... 2 eee ia Bl 
PromeReprints’ <s asc9.0 ace «ean ee eee 47.01 
Receipts, miscellaneous. : 4.5 .00@., oy eee eee 0.35 


$ 1,269.80 


2,084.40 


330.00 


1,060.36 
0.35 


$ 5,244.61 


AMERICAN CERAMIC SOCIETY 49 


DISBURSEMENTS 
Publication of Volume XVII. 
SPeOora phi CeLeDOhin ea cccicoseWe sires ofa va $ 175.50 
Drawings, illustrations and engraving ....... 415.24 
Peete, binding andy CASING <6. se 6G awn oes was 1,520.50 


Editor’s salary, ($600), and expenses, ($30.85) 630.85 2,742.09 


Paid expense of delegate to a meeting ........... 1.95 
Paid for printing table of contents of first sixteen 
OMIMICG MT Eee tame crac Sivtuct . beatin! biter Yea 88.25 
Paid tor segers; Collected) Writings 2.0.4 «16s... 3. 10.47 
Paid om repriats sold to.authore: 225 oc. Vise 130.25 230.92 
Paid for Administration. 
SdlatielOreassistatts SeCECLALy os faccie us'ok ome 300.00 
Petr ae Cler Ki ine Gatee ware org ah Sees Geog seo a 'ores signs 211.75 
Postage, ‘stationery andasupplies ¢.......2... 297.46 
Insurance and storage on volumes .......... 73.50 
sheleorapheand. telephone. .air.Aes se he os ke es 8.60 
Transportation of volumes by express and mail 70.14 
Binding-and “easing early volumes... $5 va. oss. 0.42 
Refund for binding Volume XVII collected in 
GW AIC CIO ie Mise wares tet nn oars Home tt the 104.00 
Expenses at convention, including Section Q 
CNECHC ATION oes. See ee se ces Me 146.05 1,211.92 
Ocala tet tests Wet liter sare is od Wes scdecarh meted ah de $ 4,184.93 
OO RID OT REN ES orer calf abn cqoek men IOI an oR 1,059.91 
AP Ge ae Me ae ih ee oe esc We te slotin ats op Ske rans $ 5,244.84 


There has been an increase in net income of $249.50 for 
the year, but this has been more than eaten up by the increased 
costs for the printing of the Volume, and for every other de- 
partment. 

There have been three items this year of a new nature: 
First, the printing in circular form of Table of Contents of 
Volumes I to XVI inclusive, costing $88.25 ; second, the assump- 
tion by the Society of the cost of cloth binding for all members, 
which cost $104.00 for refunding the binding fees for the year 
already collected, and for the additional number of bindings to 
pay for; third, the assumption by the Society of the modest 
expenses of the smoker at Section Q. It seems to the Board 
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that all these extra expenses are well incurred. Two of them 
will be annually recurring expenses, unless the Society orders 
otherwise. 

PUBLICATIONS 


The new Volume No. XVII, made its appearance later than 
ever before. There was a variety of contributing factors to 
the delay. The Volume itself is an excellent one, and unusual 
pains and care have been expended in editing it. It is one of 
the largest volumes yet published, and its contents are perhaps 
more condensed than heretofore. 


An inventory of the volumes on hand shows the following 
status : 


























NO. RE- 
MAINING E ED DISPOSAL NO. NOW 
1915 
| | es 
[ie ego eee Bean 8 | 144 
Li ack one eee! 112 10 he AO2 
TLDS. sa coe are ae 149 Bess 8 Keres 
ih ae ee ae ere 125 oo ei ce iacelie 
NO it ee naa ieee ee Ot aes Oo | | 82 
A eet pe ee oy 119 +elee ie relat 
A ERE ee nee nee eee 128 oy ee Kees BE, 
TLD at eae eae en 110 ila Sr | 99 
BX ee cd Bre ge eee 74 ere 12 | 62 
De Stn Lin eee ae nae 103 Saat | Ge $=} | 95 
DG Maes tare ee eee STATS 139 Be Ona! Reaee 10) 
5S Eg ee an a eae 94 Reo ne 13-4 | 81 
A ae coi cee Oak anya Sal TOG. Meee 15 et a lt 
Vie Ss Sutera cy: pee LQG. Oth eee ate LOA 99 
aX VAG ED i marks Carah- ate ats 146. hed 17 a 129 
DAV Bes decues he ote Ren andes 232 Stat il SO sate | ano 
KOVAL ee Paice ce in heen: mae 749 C0) Ea | 30 218 
Branner Bibliography...| 760 | ane ae 9 | wosty 9 ascend 
Totat ‘stock’ on: hand)... eee. aeeaicen ee ace | 2,836 





The Volumes on hand are well cared for, in the Fire Proof 
Storage and Warehouse Co., and are insured for the sum of 
$2,000.00. 
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SUMMER SESSION 


A large and enthusiastic three day summer session was held 
in Western Pennsylvania, beginning at New Castle, and extend- 
ing to Bessemer, Crescentdale, and ending at Beaver Falls, New 
Brighton and Rochester. The attendance was the largest ever 
had at one of these gatherings — about I10 in all. 

The Plants visited were: 


The Universal Sanitary Mfg. Co., New Castle, 
The Shenango China Co., New Castle, 
The Lehigh Portland Cement Co., New Castle, 
The Bessemer Limestone Co., Bessemer, 
The Crescent Portland Cement Co., Crescentdale, 
The Armstrong Cork Co., Beaver Falls, 
The Ingram-Richardson Co., Beaver Falls, 
The Brighton Chemical Co., New Brighton, 

_ The Beaver Valley Pot Co., New Brighton, 
dhevEerC 2bry Glass. Co:,’ Rochester: 


In addition, the Society was entertained evenings at the 
New Castle Country Club, and at the Beaver Falls Country 
Club, and at luncheon at the Universal Sanitary Mfg. Co., and 
the Bessemer Limestone Company. The evening at Beaver Falls 
witnessed the installation of the Beaver Section of the Society, 
the first local section to organize under the new provisions of 
the constitution. ? 


STUDENT BRANCHES AND LOCAL SECTIONS 


The year has witnessed the installation of two student 
branches and one Local Section, under the new provisions of 
the Constitution which were initiated at the Wheeling meeting 
and were passed upon by letter ballot in April, 1915. The first 
of these to organize was The Ohio State University Ceramic 
Society into the new form in May, 1915, with a charter mem- 
bership of about 65. President Hice was present and delivered 
the address, welcoming the new organization into the fold, and 
explaining their opportunities and duties. Professor Arthur S. 
Watts was appointed Councillor to the new organization. 
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In October, 1915, the second Student Branch was estab- 
lished at the New York State School of Clayworking and Cera- 
mics, taking over the local Ceramic Society: and converting it 
into the New York State Student Branch, under the Councillor- 
ship of Professor Charles F. Binns. President Hice also offi- 
ciated at this interesting occasion. ‘There were twenty- two 
charter members. 

The Beaver Ceramic Society “of the Beaver -Palls-New 
Brighton district, entered into new existence as the Beaver Sec- 
tion of the American Ceramic Society, on August 26th, 1915, 
at the Beaver Falls Country Club, before an audience of 50 or 
more members of the Society. The Beaver Section came in with 
a charter membership of about 35, and after disbanding the old 
organization elected its previous list of officers to serve in the 
new capacity. Mr. F. W. Walker was appointed Councillor for 
the Beaver Section.” President Hice: sbemp “Presidentor, the 
Beaver Section. also, .the Secretary, Professor Orton; delivered 
the principal address of installation to the new section. . The 
organization seemed a very strong and influential one and likely 
to make its influence felt in the Society. 

The foregoing accounts of the work of the Organization in 
its various departments, indicates that it is in a healthy, vigorous 
condition and carrying forward the propaganda for better knowl- 
edge and better practice in the ceramic industries in a effective 
manner. 

For the Board of Trustees, 


EDWARD ORTON, JR., 
Secretary. 


IN MEMORIAM 


IRA L. CONKLING 


NAGATAKA FUJIYE 
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THE FIRE CLAYS OF PENNSYLVANIA 


BY? RICHARD KR. HICE 


The importance and the value of the Pennsylvania fire clays 
are evidenced by the figures showing the production of fire clay 
refractories. In 1913 the State produced the equivalent of 361,- 
548,000 clay fire brick, or 42.88 percent of the output of the 
United States. That this enormous output is not due, at least 
not entirely, to the proximity of the great centers of iron pro- 
duction, but rather to the quality of the output, is evidenced by 
the fact that the average price per thousand at the plants was 
$19.62, which was but 66 cents below the average price for the 
whole United States. 

. The figures of production do not include 214,734,000 front 
brick, largely made from fire clays, nor large quantities of clay 
paving brick made from the lower grade fire clays. 


The industry is mainly confined to 18 counties, and of these 
Allegheny, Mercer, Berks, Washington and Lehigh obtain their 
clays from other fire brick centers. Almost the entire product 
of Beaver County and part of that of other counties is manu- 
factured from the lower grade plastic clays of the Allegheny 
series. These facts explain the difference in value per thousand 
in some of the counties shown in Table I. 

All the clays used belong to the Pennsylvanian portion of 
the Carboniferous rocks. ‘Those found in the Pottsville are 
largely flint clay, while those of the Allegheny formation are 
prevailingly plastic, or semi-plastic. ; 

The Pottsville clays are recognized as belonging to the Upper 
Mercer horizon, and are found underneath that coal bed. The 
Upper Mercer horizon belongs underneath the Homewood sand- 


(97) 
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TABLE I — PRODUCTION CUNT BRICK IN PENNSYL- 
COUNTIES ea Ceres QUANTITY : VALUE LON 
| 
dollars dollars 
Clear freldo oc sesees 7 101,141,000 | 2,209,062 21.84 
Glnton aie eee ee 8 52,840,000 968, 048 aed a a 
A flegheny-+... 232... 6 29 , 237,000 815,044 21.87 
Coinbtia— «tee yea D 34 , 432 , 000 690,830 20.06 
Favettestauc ones 9 30 , 643 , 000 472,613 15.42 
Westmoreland ..... 5 20,577 ,000 395 , 407 19.22 
Centerhi as where 4 23,208,000 376,149 16.21 
PCAVEE lige bia b saes 6 21,754,000 250,432 11.51 
*Elk, Armstrong, \ . 
Clarion 5 201, 988 , 000 334,506 15.97 
*Mercer, Bedford, 
Somerset, Berks, } 5 18 , 237,000 364,185 19.96 
Indiana 
*'Washington, Le- \ 
high 4 1,771,000 41,621 23.50 
Other Counties. ... 5, 775 , 000 176,947 | 30.64 
361,548,000 | 7,094,794 | 








* These counties are combined to avoid disclosing individual output. 


stone, the massive top member of the Pottsville as found in the 
western portion of the State. The clays of the Allegheny forma- 
tion are generally, but not always, found immediately beneath 
the several coal beds, and are practically co-extensive with the 
coals. The old idea that where a coal is of workable thickness 
the clay is thin, and where the clay is workable the coal is prac- 
tically absent, has no foundation in fact. 

A typical section of the lower portion of the Pennsylvanian 
rocks would be: 
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Conemaugh Mahoning sandstone 


exllegheny ~.%:. 


Coal, Upper Freeport 

Clay, Upper Freeport 

Shales 

Limestone, Upper Freeport (Bolivar clay 
horizon ) 

Shales 

Coal, Lower Freeport 

Clay, Lower Freeport 

Shales 3 

Limestone, Lower Freeport 

Shales and Sandstone 

Coal, Upper Kittanning 

Clay, Upper Kittanning 

Shales and Sandstone 

Coal, Middle Kittanning 

Clay, Middle Kittanning (some flint clay) 

Shales | 

Coal, Lower Kittanning 

Clay, Lower Kittanning (some flint clay) 

Shales and Sandstone 

Limestone, Vanport - 

Shales and Sandstone 

Coal, Clarion 

Clay, Clarion (some flint clay) 

Shales and Sandstone 

Coal, Brookville 

Clay, Brookville 

Shales 


60 PRESIDENTIAL ADDRESS 


Sandstone, Homewood 
Shales, Sandy 

Limestone, Upper Mercer 
Coal, Upper Mercer 

Clay and shales (flint clay) 
Shales 

Limestone, Lower Mercer 
Coal, Middle Mercer 

Clay, Middle Mercer 
Shales, Sandy 

Coal, Lower Mercer 

Clay, Lower Mercer 
Shales 

Sandstone, Conoquenessing 


Ie OLUSVillows* oO. 


It is, of course, obvious that all of these strata. are’ not 
everywhere present, and this is more true of the Pottsville than 
of the higher Allegheny rocks. 

It is not my intention to try to speak of all the localities 
where good fire clays have been found, but simply to touch on 
a few of the “high spots’, and in doing this I shall take up the 
subject by counties, rather than by the geological horizons of 
the several clays. 

Clearfield County. As shown by the table Clearfield 
County produces in round figures 30 percent of the clay fire brick 
of the State. This is undoubtedly due, in part, to the quality of 
the clay found there, but it is in part due to the early develop- 
ment of the region and the reputation made for the product years 
ago. The users of fire brick dislike to make a change from a 
satisfactory article, they are in this line very conservative, and 
rightfully so. Since the early manufacturers have consistently 
maintained the high grade of their product, there is little induce- 
ment for a user of brick to make a change, with the possibility 
of failure, even if tests show another brick of equal merit. The 
average user of fire brick takes little stock in tests. 

The exposed rocks in Clearfield County range from the 
Mauch Chunk of Mississippian age up to the Conemaugh of 
Pennsylvanian age. The Mercer division of the Pottsville ranges 
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from 10 to 4o feet in thickness, and the overlying Homewood 
from 50 to 75 feet. All the recognized coals of the Allegheny 
series are present, and each has its accompanying underclay. 

The county is crossed from northeast to southwest by two 
well developed anticlines, and it is these folds which bring up 
the Mercer horizon to daylight so that it can be worked without 
shafting. The actual workings have been largely determined by 
the proximity of transportation lines, and undoubtedly large 
areas of good clays are undeveloped. 

The largest area of Pottsville rocks extends in a wedge 
shape from the northern boundary of the County towards the 
southwest near Glendale. This has been brought to light by 
the Chestnut Ridge anticline, and is, without doubt, a likely 
area for Mercer clays, but it is without transportation facilities, 
and the details of the geology are little known. As there is no 
coal or other mineral of value in the area, the building of rail- 
road lines seems remote. In the other portions of the county, 
the cutting of the valleys has often exposed the Pottsville, and 
with the nearness of the lines of transportation the clays have 
been developed. 

Much of the County is marked by faulting, and most clay 
mines have them. The displacements range from a few inches 
to more than 100 feet, and some are fault zones rather than 
simple faults. There are occasional horizontal thrusts. 

In addition to the Mercer horizon the Clarion, Middle Kit- 
tanning, and Lower Freeport clays sometimes carry a good 
portion of flint clay. As a whole, however, these higher clays 
in Clearfield county are plastic and of lower grade than the 
Mercer. clays. The flint portion is often fractured, and the 
fractures filled with impurities — often they carry sandy inclu- 
sions. While the workable deposits of the Mercer clays are 
lenticular and often quite limited in extent, it is rather rare for 
the flint portions of the higher clays to be of workable dimen- 
sions, and they are only taken out in connection with the more 
regular plastic portions of the beds. 

The Mercer clays of Clearfield county are quite regular in 
chemical composition. The silica ranges from 42 to 46 percent, 
the alumina from 36 to 39 percent. The statement often made 
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that the quality of these clays is in inverse ratio to the Fe,O, 
content does not seem to agree with known analyses. The analy- 
ses in Table II may be taken as typical of the Clearfield Mer- 
cer flint clays, and are given for whatever they are worth. 


The important areas now being worked are the Woodland, 
Morgan Run, Anderson Creek, Lumber City and Clearfield 
Creek. While there are differences in the clays from these sec- 
tions, yet on the whole the clays of Clearfield county produce 
brick of a remarkable uniformity in quality. 


In addition to the clay used at the several manufacturing 
plants of the county, large quantities are shipped, some to other 
plants and a part for use as mortar clays. The last are from 
the plastic portions of the beds. : 


Clinton County. The second producing county of Penn- 
sylvania is Clinton, which lies northeast of Center county. The 
portion of the county in which we are interested is entirely made 
up of rocks of Pennsylvanian and Mississippian age. A general- 
ized section of the exposed rocks would be: 


Feet 
(Coal, Middle Kittanning 2 
ase a es ee 45 


Coal, Lower Kittanning. 4 
Clay, Lower Kittanning. 3 


eleoNeny soca Shales; salidy i% 0.5. ¢ .- 
GUase Clationie ts te os. 
Saudstone,. Glarion.<..¢ 2°25 
Coabebrodkyilles stu. . 3 
Claye Brookville % 1.35. 2 
Carboniferous. . 
Sandstone, Homewood . 100 
nt allem LeICED aoe iin Ss 30 
Sandstone Conequenes- 
SHIGW ogc onee 100 to 200 


Mauch Chunk 


Mississippian 
Pocono 


Devonian 
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The Allegheny series is only found in the tops of the higher 
hills in two synclinal basins, and the coals are practically of no 
importance. The Mercer clays are found in the same areas, 
where they are exposed in the valleys. There would seem to 
be no reason why they will not be found farther from the present 
lines of transportation. They are more irregular as regards 
deposition, and the internal structure of the bed is also more 
irregular than the same horizon in Clearfield County. This is 
no doubt due to their position in the great Appalachian trough, 
the conditions here being more affected by changes during the 
time of deposition than nearer the center of the trough. 

The Mercer clays are found in two belts across the county. 
One extends from near North Bend on the Susquehanna river 
southwesterly, through the Woodland, Morgan’s Run and Clear- 
field Creek districts of Clearfield County. It is quite narrow, 
ranging from three to six miles in width. Its southern boundary 
is the Susquehanna River. The second belt extends from near 
Farrandsville southwesterly across Center County. 

The Mercer clays of this county are markedly superior to 
those found in the Allegheny series, this difference being more 
marked than farther westward. 

The following analysis by McCreath will serve as typical 
of the Mercer clays of the Farrandsville region. 

Analysis of Flint Clay from near Farrandsville: 


SIO neath becuse eae eae eee ee one 42.440 
PW a6 oi REPRE OST Sree yee ee 36.685 
HEHE it SRE ec Jeget t  Pe 2 eae taee Be ae Bn ores 
HOS Heike Petty bs cee ear one 4.000 
G10 Marat oer ete RC Ie 200 
VES ool ace etc, sees ees ee 276 
TO INES OOS 6 erg eae eae eal ae oe i cae 718 
Fi OO) kh Ct te ema ea cee .820 
ls Ok © era mere eanowe Cree Pe mU PA 2K ry Ssh. L270, 

1007037, 


The high percentage of TiO, is to be noted in connection 
with analysis. | 
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Allegheny County. While the output of Allegheny 
County ranks third in value, yet the raw materials used are 
brought from outside the County. One of the early induce- 
ments for making fire brick here was the quantity of burnt clay 
obtained from the old used brick. To use this, however, it was 
necessary to bring large quantities of raw clays, and the indus- 
try has continued. The average price per thousand of the Alle- 
gheny County brick shows the effect of adding the freight to 
the clay, the average price being $27.87, or more than $8.00 
above the average price in the State. A part of the difference 
in value may be due to the quantity of special shapes made. 

Cambria County. The quality of the brick made in Cam- 
bria County is attested by the price. A large part of the brick 
made are used locally, and the fuel cost is low. As an offset 
to this, most of the clay is transported some distance, some from 
outside of the County. | | 

The rocks exposed in Cambria County not only include the 
Allegheny and Pottsville, but a thickness of some 850 feet of 
Conemaugh above the Allegheny, and the Mississippian rocks 
below the Pottsville, with some Devonian. The materials used 
for fire brick include not only those of the Mercer horizon, but 
the clays of the Allegheny formation. 

A clay of some interest has been reported at 50-75 feet 
above the Upper Freeport coal. This is a clay with a fine flint 
structure and furnishes us with a fine example of the fact that 
all flint clays are not fire clays. 

Partial analysis of “flint” clay from Cambria County: 


SSN bec Sh Spun ar ae ae 50.3 
Fe lee eee as PN Geta tea ts Riggs Mega Soe 212 
HCC) Wee re te eon. Sete 9 ke 10.4 
CELI les SSE OT tet eae ee rh 61 
SLO Se ce ae eae 39 
Re ewe a CE RC ana doe ary tm, he kb 18 
RN SPR CaS a A ae ee ne 1.14 
“le COLTER a Sasaki STE 90 
Be CUI OR ie te a ho. sa sd hae a 12.00 
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This is one of the cases where the iron content condemns, 
and is given as one of the cases where a chemical analysis shows 
a “flint” clay to be unfit for use. 

In this County rather extensive use is made of the Lower 
Kittanning clay as a binder for the Mercer flint. This clay is 
not only mined for this purpose at some of the plants, but it is 
mined elsewhere in the county and shipped by rail to other 
manufacturing plants. This use indicates that this clay is a 
higher grade than usual. 

The Clarion clay is mined in a small way and shipped. It 
has a thickness of about six feet. 

The Mercer horizon occurs along the Conca: River at 
the western boundary of the County and keeps above water 
level for several miles. It outcrops along the Little Conemaugh 
from South Fork to Mineral Point and is seen at other points 
along that stream. 

Along Clearfield Creek, the Mercer appears near. Dysart 
and at Dean, and continues northeast along Laurel Run as far 
north as the head water of Sandy Run. Exposures are also 
found on Black Lick Creek from Wilbur to Nanty Glo. 

It is noted in Cambria County that whenever the Upper 
Mercer coal is present there is plastic clay beneath, usually thin, 
pure and refractory. The general succession is coal, plastic clay, 
flint clay, Conoquenessing sandstone, in descending order. 

It is claimed by some that the flint clay from near Dean 
is the hardest of the Pennsylvania clays. As it lies close to 
the mountains it would be of interest to know whether this 
is due to metamorphic action connected with the folding of the 
region. 

Fayette County. It is to be noted the average price of 
the fire brick made in Fayette County in 1913 was but $15.42, 
being the lowest price with the exception of Beaver County. 
This is due to the development of the industry to supply coke 
oven brick. Such brick are relatively low grade and do not 
permit of heavy freight rates and therefore induce the use 
of local materials. This fact, together with cheap fuels, prob- 
ably accounts for the low price prevailing. It is not meant 
there are no high grade brick made, but these appear to be 
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relatively few. Many of the brick are made by coke manu- 
facturers, and this fact shows their use. 

Westmoreland County. Many of the brick made in 
Westmoreland County are also for coke oven use, but the 
manufacture of a considerable quantity of better grade brick 
for other purposes, raised the average price. The materials 
used in Westmoreland County are the clays of the higher series, 
including the Bolivar horizon, and also some of the lower flint 
clays. A portion of the raw materials is brought from outside 
the county. It is impossible to give the details of production. 

Center County. The clays of Center County belong ‘to 
the several horizons of the Allegheny and the Mercer. The 
entire Allegheny formation is present in the northwest half of 
the county, with the Pottsville beneath. The area in which the 
Mercer has been found, either in outcrops or by drilling, is rather 
limited. At the southwest corner of the county the known belt 
is about four and one-half miles in width. It widens towards 
the northeast to about ten miles. This area is a part of the same 
region developed in Clearfield County to the southwest, and the 
bed has the same characteristics as there, carrying not only a 
good portion of flint clay but large quantities of plastic material 
of a high grade. There are several plants making front brick 
from the plastic portion of the Mercer. These are located in 
the northeastern portion of the county. To produce a good 
front brick, one that will keep its appearance after being laid 
in the wall, requires burning at a high temperature. If analyses 
at hand of the plastic clay at Sandy Ridge are typical, there is 
a much higher alkali content than in Clearfield County. 

There is a clay shipment of about 40,000 tons from this | 
county but this is offset by the shipment of clays from Clinton | 
County to the plants in the northeastern part of the county. 

Beaver County. The manufacture of fire brick in Bea- 
ver County is an old industry, although the older plants have 
passed out of existence. The brick now made in the county are 
entirely, or practically so at least, made of the clays of the 
Allegheny formation, the Lower Kittanning clay being used. 
The Clarion clay has been used to a slight extent, and it is 
probably a higher grade clay than the Lower Kittanning. It 
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is, however, not so easy of access, is not so regular in occur- 
rence and generally thinner when present. The Lower Kittan- 
ning clay is not only used for fire brick but largely for front 
brick. The quality is generally considered quite uniform, but 
it is probable that there is quite a difference as regards fire re- 
sistance. At one place at least where it was formerly used, 
it is now known to carry considerable flint clay, not in lenses, 
or in any regular position in the bed, but scattered through the 
clay in small particles, not exceeding one-fourth inch in diameter. 
At one time the fire brick made at the plant where this clay 
was worked had a good reputation, due probably to this per- 
centage of flint, which was not recognized at that time, so far 
as known. 


TABLE IIl— ANALYSES OF SANDY RIDGE CLAYS, CENTER COUNTY, 
PENNSYLVANIA 





Le a4 





| | 
| 2 | 3 
| 
| 
OO os ota Sees op waa aa ae | 45.690 | 44.950 | 45 .820 
ALOT s Ceo e Ceara ees 34.730 | 37.750 35.950 
Flee Osis «suche onegaclaages copes te erie | 3.546 | 2.700 | 3.330 
COD RR ee Mee A PAE 112 302 112 
WSO ee icine Roane ne 216 .013 
RO e Nash ss ior ocesmel oe Nee 5.750 985 4.130 
EL oD tac pds ide as care eee ae ae 9.650 | 13. 050 | 10.130 
Sao 3 eS eee 
100.057 : 99.953 | 100.045 


1. Upper plastic clay, Penna. Sec. Geol. Surv. T4, p. 117. 
2. Flint clay, loc. ctt 
3. Lower, plastic clay, Joc. cit. 


The other clays of the Allegheny are not worked to any ex- 
tent. At one time the Bolivar was mined and used in the manu- 
facture of saggers at Beaver Falls. 


Elk County. The exposed rocks of Elk Codecs include 
the lower portion of the Conemaugh, the Allegheny formation, 
and the Pottsville, of the Pennsylvania system, the Mississippian 
system, and the top of the Devonian. The higher rocks are only 
found in the southeastern part of the county. The Pottsville 
are the dominant rocks. 
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The Lower Freeport horizon is worked in the Shawmut 
region as is also the Lower Kittanning. The Clarion clay is 
not as widely distributed as is the Clarion coal. 

The Mercer horizon is cut by most of the streams of the 
county, but only two localities are known to carry the clay, at 
Benezette (now worked out) and at Daguscahonda. Doubtless 
drilling would show other localities. 

_ Armstrong County. The exposed rocks are of Mis- 
sissippian and Pennsylvanian age. The oldest rock is the Bur- 
goon sandstone and the youngest immediately above the Ames 
limestone, near the middle of Conemaugh. 

The Mercer horizon is exposed at a number of ae but 
the clay is apparently often absent, and probably no systematic 
effort has been made to discover it. 

The Clarion clay is wide spread and has given this county 
its standing as a producer of front brick. It is not, however, 
used for fire brick except as a binder. Considerable of it is 
shipped for this purpose. The Lower Kittanning clay is only 
worked at Kittanning, although it is found widely distributed 
over the county. The Upper Freeport clay is not used to any 
great extent at present, and the Bolivar is not known, although 
the Upper Freeport limestone is reported. 

Clarion County. The rocks of Clarion County extend 
from the Mahoning sandstone, the base of the Conemaugh, to 
the base of the Pocono, some 650 to 700 feet. The lower rocks, 
however, are only found in the deeper valleys. 

The Mercer horizon outcrops along the Allegheny and Clar- 
ion rivers and Red Bank Creek, together with the lower reaches 
of the larger tributaries. The formation varies from nothing 
up to 40 feet in thickness. The internal structure also varies 
more than in the counties farther east, as should be expected 
from the conditions attending deposition. Occasionally two beds 
of coal are present — generally but one-—and sometimes noth- 
ing but carbonaceous shales mark the coal horizon. The clay 
is irregular and often absent. There are two localities where 
the Mercer is mined. One along Red Bank Creek, near Climax 
and New Bethlehem, and the other six to ten miles north and 
east of Clarion. The clay from near Mayport, analyzed by the 
United States Geological Survey, gave the following result: 
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TABLE IV—ANALYSES OF CLAY FROM NEAR MAYPORT, CLARION 

















COUNTY 
| 
t 2 

| 

| 
Si Qa eae ete Serna k pated +> Seat eee 58.96 56.46 
TENE O FM Wan i eee OR RT ME! Ses Sun 25 .60 27 .69 
Bese tee oe sete cars eo hat eA ee ee O.o2e | 2.59 
VETERE retry a ce od a: > Sie 3 egal cae ek ee ee ee 07 09 
(B71 00 RES eee ese te ee anit ata Sena 5 ORS rs ail 42 
MOGs Fhe CG oe Siok, Ny RRs yen eis ee Doe = .28 
SO) an eaten tah. ew 6b. Y iain cena saan he eee 07 14 
IN cis) te ee RR SSS Gis are ee ne e | 15 .06 
GS @ a ey <P PRR D SeAVERAP RANI ho, Soir ime SO. .36 .02 
[BEL 6 NOE rec One Oat eT ene ee Si) mane aty. ke ener Tm 80 1.40 
Eenttion, -leseic ken, regan ee ae Se ie 9.90 10.64 
100.182) 2100525 

Palo piaclayr. 


Zee BOtbonmclays 


Comparing these analyses with those from Clearfield County, 
we note the silica content is 13 percent greater, while the alumina 
content is II percent less, quite a difference, if the value of the 
clay is to be determined by a chemical analysis. 

The Allegheny series is quite widely distributed, but the 
clays are not as satisfactory as the Mercer. Most of the flint 
and much of the plastic clay mined is shipped in the raw state 
to points outside the County. 

Mercer Courity. The output of clay fire brick in Mer- 
cer County is from clays shipped in from other places. 

Bedford County. The production of brick in Bedford 
County is from clay from the Mercer horizon, locally designated 
as the Mount Savage clay. The basin is limited in extent, being 
confined to a sharply defined arch and the cost of mining 1s 
probably greater in other Mercer localities. 

Somerset County. The fire brick production of Somer- 
set County is also confined to the Mount Savage district, both 
the Bedford and Somerset County plants being close to the divid- 
ing county line. 

Indiana County. The most of Indiana County is made 
up of rocks of Conemaugh age, but the cutting by the streams 
of the anticlinal axes which parallel the mountains has exposed 


PRESIDENTIAL ADDRESS a 


some of the underlying strata. In spite of this the Mercer hori- 
zon thus exposed seems to have no value as a clay producer, 
and the importance of the County as a producer of fire brick 
in the past has been due to the Bolivar clay. 

The most important clay at the present time in the county 
is the Clarion. This is extensively mined and used at the brick 
plants at and near Bolivar. The Lower and Middle Kittanning 
clays as also some from the Bolivar horizon are also used at 
these plants. The Lower Kittanning is also mined at Clymer, 
but not used for fire brick. 

Neither the Bolivar nor the Upper Freeport clays are mined 
to the extent they were in the past, but -there is probably a 
large quantity of Bolivar clay which is of great value, although 
the best at the type locality has been exhausted. 

The Bolivar must not be confused with the Upper Free- 
port. Stevenson in 1877 distinctly pointed out the horizon of 
both these clays, giving the following section east of Lockport. 


feet inches 
Be iG Peers hI SEONG enc ee we i ee ea We eg a ons gh 8 45 
OBS ge US ee anes rarer Dee eta eae oa I 
tere emote CON uur an, Ge he oem ae ove ss : 5 
NEN Das ie Ee ARS pea 2 
CMe re Peco ee. aie aia fuses ween, See I 
eee Ae ao eh aie es es IO 
eee eee Uehiinc stole aire dts Pos 8 


Near Bolivar, Stevenson gives the following succession: 


feet inches 
Prem alOman ee sandstone 60 ee kre gee. we 20 
Be NTIS pecs he eee i ree a a Bec 10 
PD Poe Te CROKE COA: mone ast es ss ork sce 8 9 
ME CLAY A CY Meet eee tia ears ake 3 Gee's ae Ses 3 
inion Tae RUISA TONGS Set Cs, Bc, Ukan Serer ee a 2 
remm ba A a ON OUC. ett tates ota eS wage oe ne 3 
EE ET Ee eek, ook a aha es cite e 4 
SIE cake lation a rg: GPa ae. ee aM rake S 30 


Stevenson says “the fire clay immediately below the coal is 
occasionally digged, but it seems to be too irregular to be mined 
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with profit. The little coal bed number 7 is persistent for some 
distance. 

“Number 8 contains the non plastic Bolivar fire clay, which 
is of some irregular occurrence, as it varies from 3 to 12 feet 
in thickness and in some cases is wholly wanting.” 

Platt, (1877). gives “the following section on the west side 
of the Chestnut Ridge. 


feet inches 


Coal;: Upper. sFreepotten. hae eee ee a 6 
Clay with’ bands. of sandstone 3 02), eee ee 15 
Coal: sa wht cad eee ee ee ee ee ie hod ot 
Clay Oo ss.ce ast aetna ie ee nate! ae eee & 
Limestone, Upper fend aatnd See ee ree Sag set 
Clay©and. iron 0r@mc2ha eee one ee re 5 


On Yellow Creek the following section is found: 
} feet inches 
Mahoning” sandstones: ae aac ee ee ee eee ee 
Upper*Rreeport) Coalen ie. a, 1a ee ee See 
Cary? ic ae SE Saale eh ce eta eg ae 
Tron XOre os tie ee ee ee ee 


Clay 2. CaP SE Aap es ee ee eee 
Glay;thin-ore* seas) 55 or ten ee eee ee 
Limestone <a he os a See eee 


© 
iat) 
— 
HW BB HWW CO OO 


Unquestionably the loose use of the terms Bolivar and Upper 
Freeport as applied to these clays has led to confusion. The 
sections given which might be supplemented from many other 
localities, show clearly the presence of two distinct beds, and 
the thin coal at some of the localities must not be over-looked, 
or the fact that it has been noted at points quite widely sep- 
arated. This clay is perhaps more lenticular than the Mercer. 

The other counties where fire brick are made in any quan- 
tity are Washington and Lehigh. In both these counties high 
grade clay is brought in from outside sources, and the high 
freight rate on the raw materials is reflected in the price of the 
finished brick, the average for these counties being $23.50 per 
thousand. 


NOTE ON THE METHODS FOR SATURATING CLAY 
TRIALS FOR ABSORPTION AND POROSITY 
DETERMINATIONS 


BY MF. BEECHER 


In looking for a rapid and reliable method for saturating 
clay trials for the determination of absorption and porosity, 
the available data upon the relative merits of different methods 
were found to be very meager, and since the work in hand 
necessitated the determination of absorption upon some eight 
hundred specimens, it was advisable to make a few preliminary 
tests for the purpose of providing data from which to make a 
selection. So in the present instance there was no intention of 
making an extensive investigation into the matter of absorption 
methods but just a quick and reasonably comprehensive survey 
to suit the needs of the moment. The results obtained presented 
some interesting comparisons and they are here reproduced with 
the hope that they may be of use to others. 

Most of the methods that have been used for saturating 
test specimens are given in more or less detail by the following 
writers in these Transactions : 


Wheeler, Volume VIII, page 156. 

Purdy and Moore, Volume 1X, page 210. 
Ries, Volume IX, page 693. 

Bleininger and Moore, Volume X, page 303. 
Brown, Volume XII, page 269. 
Bleininger and Brown, Volume XII, page 346. 
Bleininger, Volume XII, page 566. 
Worcester, Volume XII, page 831. 

Weelans and Ashley, Volume XIII, page 103. 
Bleininger and Boys, Volume XIII, page 388. 
Ogden, Volume XIII, page 400. 

Kramm, Volume XIII, page 692. 

Brown, Volume XIV,. page 296. 

Bleininger, Volume XV, page 73. 
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O’Connor, Volume XV, page 254. 

Montgomery, Volume XV, page 610. 

Orton, Volume XVI, page 511. 

Kerr, Montgomery and Fulton, Volume XVII, page 97. 
Beecher, Volume XVII, page 106. 


The several methods pursued in the present instance cover 
substantially those outlined in the foregoing references. Some 
data on the rate of absorption are not included because of their 
incompleteness. 

The Specimens Used. The bodies were all grogged clay, 
The grog varied in size from 30 to 120 mesh and in amount 
from 20 to 70 percent. The specimens measured about 2 in. 
by 4 in. and were 34 in. thick. They were selected so as to repre- 
sent the whole range of porosities to be encountered in the work 
at hand. 

Laboratory Methods. Although the same specimens 
were used for the whole series of tests, the dry weights were 
checked before each test. At the conclusion of the series, the 
absorption was again obtained by the method first employed, to 
insure that the actual porosity of the specimens had not been 
changed either by deposition from, or solution by, the water 
used. Tap water was used throughout the work. 7 

No refinements other than ordinary laboratory practice de- 
mands, were introduced. All weights were determined to a 
tenth of a gram. The saturated specimen was dried with a soft 
towel without rubbing before being weighed. When specimens 
were “immersed in boiling water” the water was boiling when 
the specimens were immersed and kept boiling vigorously until 
the specified time was up. 

Discussion of Results. Tabulated and graphical presen- 
tation of the data obtained may be found in the tables and figures 
accompanying. Since the number of specimens here considered 
is so small and the range in structure and other characteristics 
so narrow, the deductions that may be made are limited ac- 
cordingly. 

That thorough saturation cannot be obtained by immersing 
for any reasonable period at room temperature is evident from 
Figure 1 where the curves show the saturation to be very in- 


15 


It is also ap- 
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parent that the rate of saturation under these conditions is 
greater for those specimens having high absorption; i. e., the 


complete even after a seven day soaking period. 
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The 


This: is apparent, from’ the, “slope” of the curves. 
one exception is in the case of specimen No. 7. The evidence 


bodies with high absorption reach their highest degree of satura- 
tion by this method, in a less time than those with low absorp- 


tion. 
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of most importance, however, concerning the reliability of po- 
rosity and absorption values calculated from saturation by im- 
mersion at room temperature is that presented by curve No. 7 
of Figure 1 and curves No. 12 and No. 24 of Figure 2. These 
show that such values are liable to be very misleading. 


In the method of saturation by immersion in boiling water, 
the rate of saturation does not vary in the order of absorp- 
tions. Specimens: No. 1 and No. 7 of Table-I are the two 
striking examples. The boiling treatment, however, shows a 
decided improvement in the degrée of saturation over the room 
temperature method. 


Immersion in a vacuum showed slightly lower results on 
the average than the boiling treatment. 


The highest results were obtained by a combination of the 
boiling treatment with the vacuum and a long soaking period. 
Though the effectiveness of this soaking period after boiling 
and. vacuum treatment may not seem logical, in Table II and 
Figure 2 there is again shown an increase in degree of satura- 
tion due to a soaking period following a one hour boiling treat- 
ment. 


Because of the similarity of all the bodies used it is not 
possible to discuss the possible relation between body structure 
and saturation behavior. The behavior of specimen No. 7, how- 
ever, gives promise that interesting results might be expected 
from such a study. 


Conclusions. From the data presented it was decided 
that for ordinary laboratory practice where the time element as 
well as accuracy is a factor, and where the results are for com- 
parison only within a given study, saturation by boiling for 
forty-five minutes to one hour is sufficient for porosity and ab- 
sorption determinations. Treatment with a vacuum alone does 
not offer better results. 


Where absolute accuracy is the important consideration a 
combination of boiling with the vacuum treatment and a soaking 
period is the most effective means of saturation. Whether the 
soaking period first, rather than last, would give higher results, 
was not determined, neither was the efficiency of the vacuum 
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treatment, described in an earlier volume,' in which the air is 
first exhausted from the specimen and then boiling water slowly 


admitted to cover it. 
The method of partial immersion has little to commend it 


except in those cases where the specimens are too large to boil 
or submit to a vacuum, or where the purpose of the investiga- 
tion demands such treatment in order to approximate certain 
conditions of use. 


1 Weelans and Ashley, Volume XIII, page 103. 


PRACTICAL NOTES UPON THE MANUFACTURE OF 
FIRE BRICK SHAPES 


BY H. L. LONGENECKER 


Considerable data has now been published upon various 
methods of testing fire clays and fire brick, and there is still 
much to be learned -in this: ‘direction. ~ Very little has been 
written upon the subject of the mechanical details involved in 
the manufacture of fire brick and fire brick shapes, although 
upon this knowledge depends the success or failure of each fire 
brick plant. Many of the points in this paper are familiar to 
some fire brick manufacturers, but from observations in dif- 
ferent plants I know that the information is not common knowl- 
edge. 

There are probably few people besides fire brick manu- 
facturers who realize the many different and difficult shapes 
into which fire clay is now worked and the ever-tightening speci- 
fications for this class of goods. As an example of how elastic 
specifications are in some parts of the country, standard fire 
brick, ordinarily figured as weighing seven pounds and measur- 
ing 9 in. by 4% in. by 2% in., are regularly being made from 
lg in. to % in. scant in all dimensions and as much as one-half 
pound underweight. Several progressive manufacturers are mak- 
ing full size, full weight brick and are winning large orders by 
demonstrating to buyers the greater cubical wall content per 
thousand brick which they give. Shape brick generally fit steel 
or cast iron frame work and cannot vary as brick which are 
laid in clay or mortar. 

Specifications for shape brick are daily becoming more 
rigid. For important work, size specifications are now written 
as close as one-eighth inch total variation per lineal foot and 
one-quarter inch variation specifications are rigidly enforced 
even to 6 in. dimensions. Some manufacturers have perfected 
their methods sufficiently to meet these and other specifications 
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with small percentage loss and are getting quality prices. Special 
mixtures enter very largely into this business. The fire brick 
shape business represents the cream of this industry. Prices 
for standard brick are fixed by competitors, but quality alone 
largely determines the profit on shapes. 

The use of special blocks for boiler furnace arches, rear 
arches for return tubular boilers, etc., has been made common 
by advertising. Special shapes are also used extensively for 
locomotive arches, locomotive oil furnaces, suspended flat arches 
for stokers, bridge wall blocks, cement kiln blocks, gas retorts, 
coke oven blocks, ladlé blocks for pouring large and intricate 
castings, in fact are being more and more used in every heat 
working industry. 

The problem of selecting the right mixture of clay to give 
best results in each service is one, the solution of which fre- 
quently wins or loses large orders. Installation costs and in- 
convenience generally exceed the cost of brick. The user will 
always pay more for the brick which gives the best service and 
he will stick tenaciously to the manufacturer who produces it. 
Some shape brick must be high in alumina and dense to resist 
slags, others must endure extreme variations in temperature, 
high temperatures, soaking heats, and many combinations and 
variations of these conditions. The proper mixture of clay will 
invariably give two, three or more times the life of other mix- 
tures and densities of high quality clays, not suited to the ser- 
vice conditions. 

Of the two varieties of fire clays, the hard or flint clay is 
generally purer and more refractory than the plastic clay. The 
majority of plants having their own mines or pits, however, 
possess a larger amount of the cheaper or plastic clay which 
encourages its excessive use. — 

Methods of Mixing. ~The common method of mixing fire- 
clay is by shovelfuls and wheelbarrow loads. Where small varia- . 
tions in shrinkage are desired, this is a very crude way, although 
it sometimes produces good results. I know of an instance 
the most convenient pile regardless of the mix specified. A 
where the laborers wheeled the clay used on wet days from 
better method is the use of partitioned cars or trucks which are 
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filled either from overhead bins or by shovel. Where each 
apartment of such a partitioned car is filled level full by the 
same men continuously, variations in shrinkage are small. 

Mixtures. For making the cheaper shapes, kiln floor blocks, 
arch blocks, etc., either plastic clay alone is used or sometimes 
about 80 percent plastic and 20 percent bat grog. Some plastic 
clays of fair refractory quality have a shrinkage as high as 1% 
inches per lineal foot. The addition of 20 percent grog will re- 
duce this to about 11%4 inches. For slightly higher quality ware, 
such as cement kiln blocks, a mixture of about 40 percent plastic, 
Ao percent flint and 20 percent grog is frequently used. 
| This has a shrinkage of about one inch per lineal foot. 
More refractory mixtures involve the use of more flint clay and 
grog. 

The content of plastic clay can be reduced to a minimum 
by grinding to about 40. mesh. A-high quality mixture having. 
a shrinkage of 34 to % inch per lineal foot consists of 50 per- 
cent to 60 percent hard clay, 15 percent to 25 percent plastic 
clay and 25 percent calcined hard clay. I know of one manu- 
facturer who is making high quality shapes and brick of pure 
flint clay and grog only. Where minimum variation in dimen- 
sions and freedom from warping are desired, as high as 50 
percent grog is used. This mixture has practically no shrinkage. 
The condition and quality of the grog is a large factor in pro- 
ducing high quality ware. Some manufacturers depend entirely 
upon bats, others make plastic clay into dobies and burn them 
between the bags of their kilns, but better results are obtained 
with the use of calcined flint clay. Calcined flint clay grog 
is sharp and makes a perfect bond with the plastic clay. The 
use of bats for grog sometimes reduces the refractoriness of the 
brick. Brick made with bats frequently show hair line cracks, 
indicating imperfect bonding. Such brick will not give the same 
length of service as perfectly bonded brick in withstanding varia- 
tions in temperature, and they are not so impervious to slags. 

Methods of Grinding and Tempering. Grog is always 
passed through a crusher before use, and the clays are some- 
times passed through a dry pan and screened. Where this is 
done, the time required to temper is reduced. Common practice 
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is to grind and temper the clays together in a wet pan, leaving 
the amount of water to be added and fineness of grind entirely 
to the judgment and “feel” of the pan-tender. This is a very 
delicate point. Molders working on a piece work basis are sel- 
dom required to work ten hours and there is, therefore, a ten- 
dency to rush through, even to the extent of rushing the pan- 
tender. Clays require a definite time to temper, even though a 
molder may be rushing and out of clay, and it is a good idea 
for the pan-tenders to work by the hour. The time after the 
molders have gone can be utilized in stocking tempered clay for 
the next day. Stocked clay is undoubtedly of a more even tem- 
per, and it is an excellent arrangement for the molders to work 
always from clay which has been stocked several days. 

Molding. Molding is a trade which takes several months 
at least to learn, and it would be difficult to describe all of the 
tricks and sleights involved. The manner in which the mold is 
made is very important, although the molder has little to do 
with it. For the more complicated shapes, best results are ob- . 
tained by using two or more loose sides in the mold box. These 
loose sides principally decrease the distortion caused by removing 
the mold from the shape. It is of course impossible to mold 
many shapes without the use of loose sides. These loose sides 
have considerable draft or taper in the mold box, so that by the 
use of properly placed tapping holes, they come from it easily. 
Removing loose sides from the shape is a matter of peeling or 
sliding that requires considerable skill. 

Different manufacturers and different markets, differ as to 
the lubricant used. Generally fine white, quartz sand is best. 
The use of river sand, or clayey sand, almost always results in 
sand rolls and folds. The use of oil causes oil checks and cracks 
and intensifies the fire-flash, so that oil molded blocks are gen- 
erally distinguishable by their disagreeable color: and fine oil 
checks. Oil checks and cracks can be largely overcome by us- 
ing lard oil or a pure oil which volatilizes at a low temperature. 
The use of sand recovered from kiln flues will invariably dis- 
color the brick. This sand had better be used by the setters. 
Where loose sides are used and where the “shape” is deep enough 
to justify, it is well to allow from \% in. to 4 in. more shrinkage 
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on the bottom of the mold than on the top. This helps to take 
care of settle on the drying floor. Another good idea used with 
loose sides, is an arrow, imprinted in the brick, to indicate “way 
out of mold.” This permits reversal of the block in setting to 
eliminate still further any distortion due to pull of the mold, 
or settle. 

The mold box must be made of hard wood in order to resist 
the knocks of the molder’s mallet and general rough usage, but 
the lining is generally of a softer wood, to prevent warping. 
Wear on the outside of the mold box is largely taken care of by. 
“ironing it” 7. e., iron strips and bolts. The loose sides of the 
mold are banded, and a certain amount of wear can be compen- 
sated for by increasing the thickness of the shims or lugs on the 
backs of the loose sides. For cutting stiff tempered clay or 
for a wide mold, an excellent bow can be made similar to a wide 
hacksaw bow, with wing-nut tightening device. In molding 
shapes, the molder rolls and wedges, upon his molding table, 
a lump of a little more than sufficient clay to fill his mold. This 
clay lump or “walk” is worked without sand until it is free from 
air spaces and thoroughly welded together, its final form being ~ 
a blunt wedge about the length of a molder’s fore arms. Some 
molders then sand the clay lump very lightly. In the meanwhile, 
the molder’s helper has cleaned, sanded and assembled the mold 
in a convenient position upon the floor. The molder grasps the 
“walk” with his hands and forearms and casts it into the mold. 
Molder and helper grasp the mold, and raise and drop it upon 
the molding block, from four to eight times. This block gen- 
erally has a tree-stump for a base and a dry-pan breaker-plate 
for a top. The surplus clay is cut from the top of the mold with 
a bow wire, and the cap laid, cut side up, upon the molding table. 
It is much easier to avoid sand rolls if the next “walk” is built 
upon this cap. After the cap is removed the wire roughened 
surface of the shape is smoothed with a wooden spatula or 
“slicker”, previously dipped in water. The top of the shape 
in the mold, is sprinkled with sand, the pallet board laid upon it 
and the mold is overturned upon the pallet. The loose sides 
are tapped free, the mold box lifted, and the loose sides slipped 
from the “shape”. The “shape” is then carried upon the pallet 
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to its place on the drying floor. If the shape is particularly diffi- 
cult, it is carried in the mold to its place on the drying floor 
and removed there. The shape is left on the drying floor, cov- 
ered or without cover until it is leather hard, when the molder 
or “shape dresser’ goes over it with a small trowel, trimming 
away fins. A mallet, board, and squares are used to flatten or 
round bulges and rough spots left from trimming fins, and to 
correct the block if it has settled out of angle or square. The 
mallet must be used with delicacy and judgment for a careless 
or incompetent “shape dresser” may do more harm than good. 


Drying Cracks and Warpage. Drying cracks generally 
form at some indentation in the shape. If this indentation is 
not deep, and the parts which it separates are of equal thickness, 
a small wad placed in this cavity during drying will generally 
prevent this crack. The practice of filling a depression with 
damp sand is not always successful, for the reason that the sand 
does not dry at the same rate as the clay. Where the thin parts 
of the shape are of different thickness, the drying of the thin 


part or of the entire shape may be retarded with dampened 
cloths. ; 


Warpage is frequently caused by warped pallets, sometimes 
new and made from unseasoned lumber. Where warpage is due 
to other causes it is nearly always toward the cut side of the 
“shape”. Thin flat tile, 3 in. by 12 in. by 24 in. etc., are fre- 
quently subject to warpage. Sometimes this can be overcome 
by turning the tile when leather hard and slightly roughing the 
uncut side. The more nearly perfect the support of the shape 
upon the drying floor, and the lower the gravity center of the 
shape, the less will be distortion and settle in drying. The pallet 
should support every large angular face and groove on or in 
the under side of the shape. 


Setting. Common practice is for the “green-brick wheel- 
ers” to convey the bricks and shapes to the “kiln setters” upon 
wheelbarrows. Sometimes three-wheeled trucks are used. 

These wheelbarrows or trucks should be of the spring type 
and well padded. Where one green shape is piled upon another 
on the wheelbarrow, a pad should be placed between them. 
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Fire brick are generally set in bungs, four deep with a two 
inch flue or chimney between each two bungs. Every fourth 
header up and across is offset to tie across the flue. Unless a 
flash ring four headers deep is set around the kiln, these flues 
should be set to within four stringers of the bag walls. Five 
headers on two stringers makes a good setting. Shapes should 
not be set lower than four feet from the top of the kiln. Where 
rectangular kilns are used, it 1s good practice to set a tie of 
burned brick (which will not shrink or work during the entire 
course of theburn) ‘from wall-to-wall ofthe kiln asa level 
floor for the shapes. The more nearly the entire bearing sur- 
face of a brick can be supported, the less liable it is to kiln 
marking, distortion, burning cracks or broken corners. Fine 
screened quartz sand should be used plentifully and as few set- 
ting wads as possible. Here is where a level kiln floor pays for 
itself. Setting wads must be well sanded to prevent sticking. 
Both sides and tops of high quality shapes should be protected 
by cheaper ware from fire-flash. . Fire cracks may often be pre- 
' vented by careful setting and properly placed wads. Setting 
shape brick is an art, and the setter who will govern his setting 
by a study of burned results, should be financially encouraged. 
Shapes should not be set bone dry as it is then extremely difficult 
to avoid broken corners. They are in the upper part of the kiln 
where they will dry rapidly and carry less weight than any other 
part of the kiln. 


Burning. It generally takes a day or two longer to 
burn a kiln containing shapes. A little more time must be taken 
in water smoking, and the kiln must be soaked a little longer 
at the end, in order that the heat may thoroughly penetrate the 
thicker shapes. The burner should know exactly what is in each 
kiln. I know of one or two yards burning fire-clay shapes to 
cone 15, where the doors are pulled down as soon as the last fire 
is placed, and apparently without damage to the ware either 
physically or in service. This is done more because of a shortage 
of kiln room than for any other reason. Slow cooling for the 
first two or three days after the kiln is off fire is a much surer 
method of obtaining first-class brick. | 
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The use of low sulphur coal will frequently produce whiter, 
cleaner brick. 


The use to which the shapes are put must largely influence 
the hardness of burn. Shape brick should have all the shrinkage 
burned out. Many fire brick manufacturers, and plant superin- 
tendents argue that a soft burned brick will give better results 
than a hard burned one in withstanding alternations of tem- 
perature.. If the life can be burned out of a fire brick, or if 
it will vitrify at a lower temperature than that to which it is 
exposed in service it is not suitable to withstand temperature 
alternations in that service. The ability to withstand alterna- 
tions of temperature is largely dependent upon thorough bonding 
and a porous structure at the highest temperature to which it is 
exposed. The information given in this paper largely composes 
what a few years ago was commonly regarded as the secret 
processes of an industry. 

The demand for more serviceable refractories must be satis- 
fied with an intelligent preparation of the materials now in use 
to meet each individual condition, rather than the discovery of 
new refractory substances. 


CHEMICAL PORCELAIN 


BY E. T. MONTGOMERY AND M7 G:-BABCOCK, ALFRED IN. Y- 


The European war has caused a serious shortage of the 
chemical porcelain which we formerly obtained from Germany 
and Austria and a number of American manufacturers have 
recently turned their attention to the making and marketing of 
this class of ware. 

We have tested at our laboratory, for several of the large 
jobbing houses, a great many varieties of European porcelain 
as well as some of the American-made ware recently put on 
the market, and we are therefore in a position to present some 
data and make some suggestions which may be of value to 
the manufacturer just entering this field. 

Receptacles made in chemical porcelain shapes, but using 
china bodies and glazes will serve many useful purposes about 
a laboratory, but to be called chemical porcelain and to seriously 
compete with the European product, this ware must meet cer- 
tain definite requirements. 

These requirements are as follows: It must be able to 
stand rapid changes in temperature without fracture; it must 
be thin, vitreous and translucent; and the glaze must be very 
hard in order that in blasting neither the triangle nor the pre- 
cipitate will stick to the glaze, also that it shall be most resistant 
to alkaline solutions 

Deformation or Fusion Tests. Some deformation test 
data on porcelain bodies will be of interest at this point. These 
tests were made on small cones one inch high and one-fourth 
inch wide at the base, cut from pieces of finished ware by means 
of an abrasive wheel. Such a cone from a cone Io porcelain 
body deformed at cone 15. The composition of this porcelain 
was: clay, 40; flint, 30; spar, 28; whiting, 2. 

Cones from two different American-made chemical porce- 
lains deformed at cones 18 and 20 respectively. All European 
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chemical porcelains so far tested have deformed at cone 25 or 
above. It would seem from these tests that the temperature of 
cone 25 in the deformation test differentiates very nicely be- 
tween what may be called hard bodies and medium or soft bodies. 

Rapid Heating and Cooling Tests. It should be pointed 
out. that a deformation temperature of cone 25 or above is not 
enough in itself. This deformation temperature depends, of 
course, on the composition, and the burning temperature for 
the ware must be so adjusted to this composition that a strong 
vitreous product results which is capable of withstanding sud- 
den heating and cooling. One European porcelain, which de- 
formed considerably above cone 25, did not stand the rapid 
heating and cooling test quite so well as several other standard 
chemical porcelains which deform at or near cone 25. This was 
probably due to its not being fired to a sufficiently high tem- 
perature for its composition. 

The rapid heating and cooling test which we Rave adopted 
as a standard is as follows: A small crucible, one and one- 
half inches in diameter at the top, is heated to a bright red in 
a blast-lamp flame, removed by metal tongs to a suitable support 
near at hand and a cold air blast from a compressed air line 1m- 
mediately turned on one side of the crucible only, until it is 
cold. This heating and cooling is repeated until the crucible 
breaks, if under ten times. A satisfactory chemical porcelain 
should stand ten successive heatings and coolings without crazing 
of the glaze or rupture of the body. European porcelain will 
on the average meet the requirements of this test. None of 
the American porcelains so far tested will even approach it. 
One make invariably broke on the first or second heating or 
cooling. The glaze was also so soft that it softened and blistered 
in the blast flame, sticking badly to the triangle. 

Action of Acids and Alkalies, Porcelain glazes, being 
acid silicates, are not attacHed to any appreciable extent by acids, 
but soft glazes especially are rapidly attacked by strong alkaline 
solutions. 

‘Summation. We have seen that the deformation tem- 
perature of a chemical porcelain should be about cone 25; that 
the body, of a composition such that it will deform at this 
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temperature, must be fired sufficiently high to become vitreous 
and translucent, which means a firing temperature of about cone 
16; and finally that the glaze must be a hard porcelain glaze 
maturing also at about cone 16. As both the body and the glaze 
must be high fired, the only commercially feasible process of 
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manufacture is the European low biscuit and high glost method. 
This gives us a high clay body, vitrified by heat and not by 
fluxes, bonded into. a strong mass by sillimanite needles and 
free from undissolved silica as shown microscopically by Mr. 
A. A. Klein in another paper in this volume. It also gives us 
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a hard glaze which will neither blister nor stick in the blast lamp. 
flame or be easily attacked by chemicals. Chemical porcelain 
does not differ materially from other hard porcelains except per- 
haps in that it is more aluminous and less siliceous. We know 
that Haviland china or porcelain table service is fired at cones. 
I5 and 16 respectively in two different plants, while Royal 
Copenhagen porcelain is regularly burned at cone 18. 


Experimental Work. Nine bodies of the composition 
shown in Figure I were ground in a ball mill with .5 percent 
of a mixture of sodium silicate and sodium carbonate and suf- 
ficient water to bring each to a good casting thickness. The 
clay content in each case was made up of fifteen parts of Eng- 
lish ball clay with the balance equally divided between English 
china clay and Florida clay. Eureka flint and spar were used. 
Small crucibles, one and one-half inches in diameter across the 
top, and of uniform thickness, were cast in plaster molds. After 
drying and marking, these were fired, unglazed, to cone 16. 
and cooled slowly. All of the nine bodies developed good vitri- 
fication with fine translucency in the lower members of the series. 


Testing. Three crucibles from each of the nine bodies 
were subjected to the standard rapid heating and cooling test 
with the following results: The bodies were found to be better 
able to stand this test as the clay content increased and the flint 
and spar contents decreased. It must be borne in mind, how- 
ever, in connection with this statement that we are considering 
only vitrified bodies. Body No. 9 proved to be the best in the 
series, standing as good a test as Royal Berlin. Body Number 6 
was but slightly inferior, and Number 8 was also good. 

All of the crucibles from the first test which had stood ten 
consecutive heatings and coolings were now glazed with a hard 
porcelain glaze, again fired to cone 16 and tested again to see if 
the glaze had any effect in causing cracking or rupture. These 
glazed crucibles all stood ten more consecutive heatings and 
coolings without failure. It would seem therefore that at cone 
16, body and glaze had so coalesced that there was perfect unity 
between them. 
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A fusion test was made on body Number 9g together with a 
piece of Royal Berlin porcelain. Both started to deform at 
cone 25, the Berlin bending slightly more than body Number 9. 

Conclusion. It would seem, therefore, from the data pre- 
sented, that in order to produce a satisfactory chemical porce- 
lain we must have a hard porcelain body and glaze, fired to- 
gether to at least cone 16, and sufficiently vitreous at this heat 
so that a test cone from the body will deform when the tempera- 
ture is carried up to about cone 25. 


THE PHYSICAL PROPERTIES OF SOME BALL 
CLAYS AND THEIR EFFECTS ON PORCE- 
LAIN BODIES 


BY F..A. KLINEFELTER 


The methods and data brought out in this paper are the 
result of an investigation to find a substitute for an English 
ball clay. All of the work was carried out to correspond as 
closely as possible to actual factory conditions, the drying, firing, 
etc., being done in the regular driers and kilns. All of this, of 
course, gives data which is only comparative in value. It was 
thought, however, that the method in particular would be of 
value to the practical man who must carry on tests under factory 
conditions, and that the data so obtained would be quite as 
valuable to him as if it were done in the laboratory. Indeed, 
the results. should be more intelligible from his standpoint, since 
it is often necessary to translate, as it were, the laboratory re- 
sults into factory results. 


The steps followed were: 
Clay sampled. 
Sample ground. 
Clay divided into a crude clay batch and into a standard 
body. 
Both batches mixed with water and soaked. 
Both blunged. 
Body mixture screened. © 
Both dried to a state of plasticity. 
Both worked up and wedged. 
Both aged. 
Worked again and cut into briquettes. 
Briquettes marked. 
Briquettes dried. 
Drying data noted. 
Fired. 
Burning data noted. 
(£3) 
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For sampling, at least 50 pounds of clay should be at hand. 
This reduces the chance of error in case the clay does not run 
unifotfm in texture. ~“Suchsclays asl enn NO; 3 ange several 
of the English clays would likely show quite varied results if 
the samples were taken from the tobacco pouch size samples so 
frequently sent out. A large sample of clay, also, gives some- 
thing to check against in case an order is placed later on. 

The entire sample was spread out and sampled in the regu- 
lation manner. About 1500 grams were then ground down in 
a mortar to such fineness that practically all would pass through 
an 18 to 20 mesh sieve. 

One thousand grams of this were taken for crude clay tests. 
The remaining 500 were used in making up a standard body, 50 
percent clay, 30 percent flint, 20 percent spar. 

To both the crude clay and the body mixture, water was 
added, and the whole stirred and mixed with a spatula or stirring 
rod until a slip about the consistency of thick cream was formed. 

At this point the clays began to show their individualities. 
The crude clay mixture, of course, brought out these peculiarities 
more than the body could. Some clays, such as Sant’s English 
No. 1, Knowles’ No. 12, the Kentucky Construction Co. Special 
and Black, slaked quickly and readily to the required consistency - 
with about a third less water than such clays as Tenn. No. 3, and 
did not require nearly so much working. In fact the sticky, 
gummy clays would hold small gummy clots after the most per- 
sistent working. : ) 

The slips were not brought to a standard weight, as more 
water had to be added later on anyhow in the case of some of 
the crude clays, and always in the case of the bodies. 

The mixture was allowed to stand 24 hours. A shorter 
time, such as two hours, and a longer time, as 48 hours, were 
also tried. The short period was found to be insufficient for 
the more sticky clays, as these would ball-up more or less in the 
blunger. The longer period did not seem to help. For the sake 
of uniformity, all clays, sticky or not sticky, were treated alike. 

After the period of soaking, the clays were blunged in a 
small one-gallon household churn. The amount of blunging 
depended somewhat upon the clay. All of the mixtures were 
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blunged at least three or four times for several minutes each 
time. In the case of the more gummy clays a somewhat more 
prolonged blunging was necessary. It was found at this point, 
that the addition of more water was necessary in many cases, 
as the soaking had caused the clays to take up more water than 
seemed to be necessary on the first addition. See Fig. 1. 

The crude clay-slip was brought up to the consistency of 
the ardinary slip ready for pumping. This was conveniently 
determined by feel and by the pouring of the slip, as greater 
acoutdeyiewas ot scdeeiied, necessary.» In the jcase of. several 
of the crude clays of the more sticky nature, it was found that 








ire? a 


even the most persistent blunging did not break up the small 
clots entirely. 

The body mixture was blunged considerably thicker, because 
of the subsequent screening where additional water was used 
to facilitate getting the body through. 

The body mixture was screened through a 150 mesh screen. 
(Tyler Standard). After screening, the slip was given one more 
blunging and was then ready for drying out. 

The process of screening brought out one or two rather in- 
teresting points. It was rather expected that the sticky, gummy 
clays, some of which had persisted in holding the small clots 
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mentioned above,. would be hard to get through the screen. As 
a matter of fact, all of these clays with one or two exceptions 
went through the lawn quite readily. The slip was placed on an 
8-inch screen, about a half pint or less at a time and washed 
through. The tailings were washed into a separate pan, and 
finally, when the slip was removed, they were washed again 
with clear water. 

In the case of the majority of the American clays, there 
would hardly be enough tailings out of the whole batch to justify 
the second washing. For most part the tailings were flint, spar 
and grit. But the English clays, and the American most closely 
resembling them, gave quite a large residue. On account of 
the ease with which they had slaked down, it had been expected 
that these would go through the lawn most freely of all. The 
Special and the Black and the Knowles’ No. 12 left something 
like 200 grams of residue. The English No. 1 came next with 
about 150, and the Tenn. No. 3 followed with about 60 grams. 

Although some residue had been expected because all’ of 
these clays contain a considerable amount of what is loosely 
termed “dirt,” it was thought that it should not be so large a pro- 
portion as this. It would hardly seem likely that such a large 
percentage would go over the lawn commercially, and inquiry. 
does not show that such is the case. 

Repeated washings get more and more of the residue 
through the screen. The residue settles to the bottom like so 
much flint. Twenty to twenty-five grams of flint and spar to-. 
gether would be a high estimate for that part of the residue. 
In the case of the English No. 1 and the Tenn. No. 3, a goodly 
portion, on inspection, seemed to be grit and undesirable ma- 
terial. The remainder, however, especially in the case of the 
Black and Special, appeared to be quite plastic, and carry very 
little grit. 

Going on the theory that the plastic residue was probably ~ 
caused by coagulation, by reason of organic acids, which cause 
a differentiation in the size of grain, caustic potash was added. 
When the residue would be shaken up in clear water the stuff 
would settle very quickly, leaving the water above quite clear. 
_ The addition of the hydroxide caused the residue, or at least 
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a portion of it, to settle more and more slowly, until a point 
was reached where the liquor remained black in color indefinitely. 
Portions of the air dried residues of a couple of these clays were 
ignited. Black smoke came off for some time, a brown colored 
deposit collecting on the crucible lid and remaining for a time. 
The Black residue lost 20 percent of its weight, the English 
No. 1, 19 percent, and the Tenn. No. 3, 11 percent. All burned 
to a buff white, and the Tenn. No. 3 showed a tendency to 
redness. 

Since the percentage of clay going over the lawn com- 
mercially, can hardly be so high as these screenings indicate, it 
is presumed that the prolonged blunging in the commercial 
blungers, breaks up this coagulation to a certain extent, and 
the use of lawns of coarser mesh takes care of a goodly per- 
centage of the rest. Then, too, if the percentage of this sort 
of clay used in the body is not high, it probably becomes mixed 
more thoroughly with other materials. 

The bodies mentioned were finally ground for about an 
hour in small ball mills, after which they screened quite readily, 
leaving about the usual amount of residue. 

After the blunging, both the crude clay and the body mix- 
tures were poured into an old mold of suitable shape, lined with 
a cambric cloth, so that the clay would not come in direct con- 
tact with the plaster. They were allowed to dry out to a state 
of workable plasticity, checking against the regular factory body 
as closely as possible by feel, knife cut, etc. In the case of one 
or two clays, a settling out of the spar and flint was. noticeable 
after this standing. While this method of testing introduces 
error with a few clays, it should not necessarily militate against 
the clays, since in practice the clay is kept in a state of agi- 
tation up to the filter press, and given no chance for fractional 
settling. This separation, however, seems to be a rare occurrence, 
and was overcome as much as possible by thorough mixing while 
still too soft to be workable. : 

As the mass comes from the cloth it is likely to be dried 
out unequally. Hence the next step was to work up the mass 
rather thoroughly and allow it to age. 
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The mass was worked into a ball, wrapped in a damp cloth, 
and dropped into a gallon earthenware crock or jar, over which 
a water-soaked plaster lid was placed. This latter serves as a 
miniature damp closet. 

The mixtures were allowed to age about three days with 
an intermediate working, and a final one. The working of the 
clay, both at this point and later when cutting into briquettes, 
was done on a glass plate, to eliminate as much as possible the 
escape of moisture, as would be the case perhaps, with a plaster 
slab. 

From the standpoint of shrinkage measurements, this dry- 
ing out to reach the workable plasticity stage, and the subsequent 
working, etc., introduces a large source of errors; in fact, the 
whole process involves the personal factor to a high degree. 
Hence, the water content and the shrinkage as a matter of 
course, is sure to vary considerably. | 

In order to find out about what this would run, the cuttings 
from the briquettes were immediately weighed, and then allowed 
to dry out, and reweighed, and the moisture content figured. 





























TABLE I— WATER CONTENT 
DEC. 3 FEB. 2 
CLAY 
CRUDE BODY CRUDE BODY 
percent | percent percent percent 

| eye Ne aed ae ee eR Oe Sa 38 A Te ae, ok 19.9-19.8 
Veo INO ccnet! mare teen 29 | Zia 30 21.9 
TP rtits ON OMS ao oe eae Pod 215% o206 A Es: 
SACK Ee ee a bein eee | 28 .2 2027, 28.9 PAE? 
PCNIAS AN O. © pette nae eee 2a 4 Pn ta Nd oe 21.3 
Sanit? Senet Se aes at meen 29.1 19.6 
Old SMaine Nig. 24its onenten fl 30.1 20.4 
Blacke age ae Sere ee: Dee ee 26.4 
Special VE) ed. pee ener Site List? Se oae 26.7 
Pitts oul de abe oe rao ‘iad aa 22.9 
Coaley Mot in puna ee eee ae 28.7 | 21.9 
Kaowles “NGi F272 vane sects Lae Se 28.4 20.4 
Gemet hind, (ties eee 26.6 ce a sas 
PCIE WAST ay Cie eee 29.8 ree Sore | 

Sante: GHmany es nei oe eee | 28.6 | 19.3 | roae | 





* Screened. Only about half the clay went thru. 
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In such cases in Table I where the data is comparable, it 
will be seen, that with one or two exceptions, the same sort 
of mixture for the same clay, gives the same figures within a 
few tenths generally, and these were taken two months apart. 
Also, it will be noted that clays showing more or less similar 
physical characteristics in other ways, require practically the 
same amount of water of plasticity. This is especially true of 
the body mixtures, which give figures more nearly alike for the 
different clays, the 50 percent of spar and flint tending to equalize 
the peculiarities of the individual clays. 


From these figures, also, it would appear improbable that 
there would be any very radical differences in the shrinkage 
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Peadinesaand«asea matter-of fact. as will be seen later, there is 
not a very great difference. 


The mass was now batted out flat and cut with a spatula 
into briquettes of a size approximately I in. by 1% in. by § in. 
The batches generally yield 6 to 8 briquettes, and 150 to 200 
grams for moisture determination. In starting the investigation, 
very small briquettes were tried, but nearly all of these warped 
and cracked badly in the drying and burning, and in general, 
gave such unsatisfactory results that the larger briquette was 
chosen. 


Since the briquettes were not to be subjected to strength 
tests, it was not thought necessary to use molds in making them. 
Moreover, as it afterward showed, the extra packing and work- 
ing required in the use of a mold would most certainly introduce 
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larger error in the shrinkage determination unless handled very 
carefully. 

The gauge used in making the shrinkage marks gives im- 
pressions 5 cm. apart. It is a home-made affair, worked up on 
a planer in the machine shop, out of a piece of quarter inch scrap 
steel. The piece of steel was planed down leaving two projec- 
tions, such that the inner faces are 5 cm. apart. The planer 
is accurate to within 1/1000 of an inch, giving more than ample 
accuracy for such a gauge. See Figures 2 and 3. 

Immediately after the cutting, the briquettes were trans- 
ferred from the glass plate to a piece of ordinary oiled stencil 
paper, and marked with the necessary data and shrinkage marks. 

The projections of the gauge make an impression slightly 
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larger in area than the caliper jaws. Only the lightest pressure 
is used to make the marks. Greater pressure bends and pushes 
the clay around the impressions too much. It was noted at this 
point that if the mixture was the least bit too soft it tended to 
stick to the gauge, while if too stiff, it tended to bend. This 
gives one more check on the point of workable plasticity. 

Undoubtedly, calipers with needle points for jaws, and a 
marking gauge giving corresponding conical holes for impres- 
sions, would be still more accurate, but in view of the results 
obtained with the instruments used, the finer instruments would 
probably be an unnecessary refinement. 

The briquettes were allowed to dry out under ordinary 
atmospheric conditions for about an hour. This served to stiffen 
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them up enough to enable them to be turned on edge. If 
turned sooner they are liable to bend, and if allowed to go too 
long they will start to curl. These were placed in the com- 
mercial driers and allowed to dry as long as is usual for ware 
of that size. 

At this point, the process differs radically from the lab- 
oratory method. In the laboratory, these briquettes would be 
subject to a high temperature for a number of hours and brought 
to constant weight. Although the varying conditions of relative 
humidity in the commercial driers introduce error, and do 
not get rid of as much moisture as in the case of the constant 
temperature oven, at the same time this is the factory practice 
and should give figures which may be used at once in the factory. 
Of course, unusual drier conditions should be avoided. 


The briquettes, after the drying, were examined, and the 
drying data collected. 

The first trials had three shrinkage marks on the face. 
Nearly all of the briquettes showed variation in these three marks. 
This was especially true of the crude clay mixtures. Sometimes 
an increase of I percent to 2 percent would occur, basing the 
increase on the lowest figure. This would mean an actual dif- 
ference of shrinkage of 2 percent to 4 percent.. Usually, the 
differences of shrinkage would be about 1 percent and occasion- 
ally there was almost no difference at all, although this was 
rare in the case of a crude clay mixture. 

It was observed in cases where the mass had been batted 
out a bit thinner, that the readings were sure to vary between 
the thick and the thin parts, generally as much as a percent or 
even more. If this same thinness showed on the other briquettes 
of the same batch then the readings on the thin parts would not 
differ more than’a few tenths of a percent, from those on the 
corresponding thin parts of the other briquettes and the same 
was true of thé readings on the thick portion. 

After this was noticed on the first trials, some of the second 
trials were also marked on the edge which had been touched by 
the knife only. These readings all proved to be quite uniform 
indeed, differing by a few tenths of a percent. 
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Taking all of the readings of the briquettes together, it was 
found that the variation of all the percents never got much over 
I percent. Even in the case of batches made up a couple of 
months apart, the variation does not generally run over I percent 
and in only one case so far observed was as much as 3 percent. 


The bodies run much better. Of 16 sets of body trials, 2 
hada difference of 1:2 percent, 8 of © percent,< oF 4 percent, 
2-of 4 ‘of 1 percent, and 2 of 7/7, “ois perceive ions titan 
batches run two months apart, I had variaton of 2 percent, 3 
of I percent, 1 of 34 percent, 2 of about % percent, and one of 
™% percent. These figures are not quite those stated, varying a 
few hundredths up to a tenth of the actual value. 


To be sure that this was not entirely due to the process of 
working, some of the regular body used in the factory, ready for 
the cutting for use, was made into briquettes, the only working 
that it received being to spread it out and: cut into briquettes, 
handling the mass as little as possible. The same sort of varia- 
tion on each brick and with the other briquettes took place. In 
fact the average figures on one briquette were a full percent 
below the figures used to go by in the factory. 


It would appear from these figures, that in the process of 
manufacture, although the general average shrinkage has a cer- 
tain value, yet the handling in the plastic state, and the varying 
humidity of the driers, cause a variation of shrinkage, not only 
from time to time, but on the same surface of the same piece 
of ware at any given time. 


The kilns used in burning were up-draft, gas-fired pottery 
kilns. The length of burn in the case of the first trials was 
about 70 hours and in the case of the second trials, 66 hours. 
The briquettes were divided into three sets, one being placed in 
the kiln where it would receive a relatively soft burn, the second 
a medium burn and the third a fairly hard burn. The whole 
three sets of the first trials received an unusually soft burn, the 
one set hardly getting cone 7 and the hardest set just about 
getting cone 10. As cones were not placed in the saggers with 
the first set the cone temperature was judged by the regular kiln 
cones nearest. 
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The second trials received cone temperatures about as fol- 
lows: first set, cone 8, the second set, cone g, the third set, cone 
10. . In this latter case cones were placed in the saggers along 
with the trials. 

Cones should always be placed near enough to the saggers 
containing the trials to be sure that the cone temperature is 
known fairly closely. This along with the length of the burn 
will give a good idea of what may be expected in the way of 
vitrification of a clay, and allows comparison with tests run in 
other kilns at other times. 

After burning the briquettes, they were once more examined 
and measured for shrinkage. 

As far as the clays so far tested are concerned there was 
little difference in any of them in the matter of warping and 
cracking. The color and the vitrification both varied, of course. 
The vitrification was determined not only by appearance, but 
also by absorption tests. The briquette was weighed, soaked 48 
hours, reweighed, and the percent increase figured. The color 
has not been compared to any standard, and so far no attempt 
has been made to classify very sharply. 

In the matter of shrinkages the figures on briquettes of the 
same mixture were averaged and the percent shrinkage figured 
for each of the three sets. The figures for similar mixtures of 
all three sets were then averaged and the results given in the 
table below. 

The variation on each briquette was relatively the same as 
in the case of the drying shrinkages. There was also a variation 
between the different sets. In the first trials, these latter varia- 
tions were about as follows: out of twelve batches, one had a 
difference as great as 3.8 percent, one of 3% percent, two of 3 
percent, three of about 134 percent, two of less than 1% per- 
cent, and three of 1 percent. These were all crude clay batches. 

Out of nine body batches, two had a difference of 2 percent, 
four of 1 percent or a little less, and three of slightly less than 
34 percent. - 

The second trials showed the following variations : 

Crude trials one of 2% percent, three of 1% percent, 
three of 1 percent, three of about ™% percent and two of less 
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than 1% percent. Body trials, one of 134 percent, three of I 
percent, four of 34 percent, two of %4 percent and one of no 
variation. ‘ 

In Table II the column marked “Percent loss on firing”, 
was obtained by weighing one briquette of each mixture at the 
time the drying shrinkage was taken, and again after firing, and 
then calculating the percent decrease. 

The following steps where error is likely to enter should 
be noted in following such an investigation: 

I. Sampling. That is, in not getting a representative sam- 
ple. 

2. Blunging. Here the main error enters with those clays 
showing a large residue on the screen. It may be necessary 
in some cases to grind in the ball mill, in order to get a more 
representative amount through. 



































TABLE !tI— DATA 
no. 1 NO. 2 
AVERAGE FIRE — CONE 9 
CRUDE TRIALS CRUDE TRIALS 
SHRINK. SHRINK. SHRINK. SHRINK. 

CLAY DRY TOTAL ABSORB. DRY TOTAL ABSORB. 
percent | percent | percent | percent | percent | percent 
Sant. English No. 1.{~ 10.1 | 2a ta 5.40 | 7.50. AT 85 | 9220 
Sante Pie. 6 hee 7.01 te 4 3.25 | 42°06 -) 13-81] =47 
Satit TCD. wathcaae 6.51 16.01 0.24.]- 5.61 13.98 2-91 
Sant, henn No- dn. 8.94 |} 20.02 feos | W738 18.04 1.26 
Sant. PennwNoctse |) one" 16.60 6704.) ~4250 12.84 10.82 
Ky. Conr'Co.. Special! «9.204, ‘25.86 4 209995) 9°53 ees 66 9.35 
Ky. Con. Co. Black.| 10.84 | 24.66 12.09 7.00 | 18.99 11.15 
KyCon. £0. Pinks = S54 Seen eee 6.72 16.23 5.47 

Ky. Con. Co. Old | 
MinetNo:4.e 8.00 16.90 | 4.25 | 7.002 15.47 | 5.18 
Knowles *Nor 1225 \ 4) lee eee | 6.36 | LOO p eT ee. oe 
Seer Noahs ae “a 6.48 19.56 1.26 | 6.63 15.98 | 4.36 
7.05 | 15.68 ! ee 
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3. The largest chance for error is likely to be in not having 
the right degree of plasticity, or a uniform texture. 

4. Errors come in by uneven packing of the clay in making 
the briquettes, and in turning the briquette on edge. This error 
may be as large as you please, or with care, it may be kept quite 
small. 

5. The relative humidity of the drier is likely to cause 
variation. 

6. The degree of the burn and the position in the kiln are 
the final, and fairly large, factors in the variation. 

In the experience of the author, these figures cannot be 
duplicated unless the method is followed quite closely, and then, 
of course, the figures will be relative, depending upon factory 
conditions. Yet, it is believed the process will give valuable aid 
in the selection and substitution of various clays. 


SHEET — BALL CLAY 



































no. l NO, 2 
LOSS BY BURN 
BODY TRIALS BODY TRIALS 
SHRINK, SHRINK. SHRINK. SHRINK, 
DRY TOTAL ABSORB. DRY TOTAL ABSORB. CRUDE BODY 
: | 
_ percent | percent | percent | percent | percent peenceee percent | percent 
5.48 | 12.81 |  ..020 poe 11.49 | 1.23 | 16.3 | 6.26 
Bee et ee seed 6.50 12.938 | 2.52 14.59 7.36 
O41 |. - 138 10 4~ Q;082 6.15 14.53 | 0.045 | 11.82 5.76 
6.80 | 14.71 ee 8.01 15.56 | 0.55 14.51 | 6.94 
5.58 | 14.60 | 0.067 4.83 12.75 | 0.84 11.61 6.34 
5.67 | 14-73.) 6.065 Toke 18.21 | 0.056 22.46 | - 13.22 
veda? -bosvoa | gee 6.90 17.58 | 0.072 12 O27\—) Ut OT 
ager vied) ip ae 6.17 14.34 | 0.083 13.37 | 6.97 
SEBO h! 1445) <- U2 6.08 14.20 | 0.083 12.98 | 6.49 
rasta tb inis eae 7.40 gh, bee on $l oe Oe 
Dalat eetorio | 0. 0d: | o> O6o0" | 18740) 0.25 "| 13,30 | 6.89 
i | fA as ee | 6.33 | 13.85 | 0.48 | 11.94 | 6.35 


A CONTINUOUSLY OPERATED TUNNEL KILN FOR 
HIGH-GRADE CLAY WARE 


BY .LAWRENCE E. BARRINGER 


Theoretically, continuously operated kilns have substantial 
advantages over periodic kilns. In the continuous system the 
first great advantage is that of fuel economy. There is not the 
great loss of heat and of fuel attendant upon the heating and 
cooling of the entire kiln, as in the periodic type. A very con- 
siderable percentage of the total heat units obtained from’ the 
total fuel used in firing periodic kilns is consumed in heating 
up the massive masonry construction of the kiln. A second: 
great loss of heat units in the periodic system is the escape of 
waste heat from the chimney and one has only to observe the 
“tassel” or flame emerging from an ordinary potters’ kiln on a 
dark night to appreciate the tremendous loss of heat units in 
this system. These very high losses, due to absorption of heat 
by the masonry of the kiln and escape of highly heated products 
of combustion, are shown in Mr. Bleininger’s article on The 
Heat Distribution in four Industrial Kilns in Vol. X rg IR 
Ceramic Society Transactions. 

Secondary advantages of a continuous system of firing are 
lower labor cost of operating, better regulation so as to secure 
greater uniformity of temperature, lower cost of maintenance 
and increased life of saggers used for high-grade wares. 

Many types of continuous kilns have been proposed in the 
past, and in some lines of the ceramic industry certain types have 
been employed with considerable success, particularly through- 
out Germany, both for low-grade ceramic products, such as brick, 
and for high-grade wares such as porcelain and stoneware. 

Probably the first tunnel kiln was constructed for the firing 
of over-glaze colors at Vincennes, France, in 1751, as mentioned 
by Hellot, in his “Rapport au rot Loms XV”. The first inventor 
applying the idea to the manufacture of bricks, etc., was un- 
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doubtedly Yordt, who took out a Danish patent in 1840. Borrie 
at a somewhat earlier time, designed such a furnace for hollow 
ware, taking out the gases through a stack at the middle of the 
kiln (Notizgblatt 5, 416). These types were followed by the 
design of Pechine who located his furnace at one end of the 
tunnel and then transferred the cars to another tunnel parallel 
to the first, where they were allowed to cool, (Wagner's Jahres- 
bericht 1845, p. 269). Another proposed tunnel kiln was that 
of Demimuid and Gueval, which embodied the principle sub- 
stantially as used today. 


In 1873, Otto Bock built his first tunnel kiln in Denmark. 
A German patent was granted Bock in 1877, and he then built 
about 60 kilns of this type most of which proved failures. The 
failure of these kilns has been ascribed to the fact that the ware 
was not properly dried and also the running gear was frequently 
overheated through insufficient protection from the kiln gases. 


In general the various proposed types of continuous kilns 
may be grouped in two classes, namely : 


1. Kilns in which the ware is stationary and the firing zone 
movable. 


2. Those in which the firing zone is fixed, or stationary, 
and the ware is moved. 


In this country a number of continuous kilns are in suc- 
cessful operation for brick, usually of the first-named type. In 
this work, however, the necessity of uniform temperature is not 
as great as in the higher grade clay wares, since matters of po- 
rosity, exact size and uniform color are not as important. As 
a result continuous kilns with either chamber or tunnel con- 
struction can be operated successfully where the results would 
not be satisfactory with the higher grade clay wares. 


While at Union Furnace, in Ohio, in 1902 the writer wit- 
nessed the successful operation of two continuous kilns for dry 
Peessed, buff and grey, face brick. These kilns were of the 
Guthrie type. A few years previous to that time the writer had 
also observed the use of a Youngren kiln for ordinary red build- 
ing brick at Washington, D. C. That the use of the Youngren 
kiln has grown is indicated in the paper by McElroy and Mumma 
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in Vol. XVI Transactions American Ceramic Society. In both 
these types the fire zone is movable. 
Up to seven or eight years ago there were no continuous 
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kilns being successfully operated in this country for high grade 
clay wares, as far as I have been able to ascertain, and about 
that time the writer became interested in the continuous kilns 
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being used at Altwasser, Germany, for the firing of procelain 
and stoneware. About the same time an article appeared in the 
Clay Worker, describing these kilns, (Clay Worker for April 
1908, article by Geijsbeek). 

In July 1908 Dr. W. D. Coolidge, of the Research Labora- 
tory of the General Electric Company, who was then in Europe, 
was asked to examine these kilns at Altwasser and reported 
there were two kilns in operation at the factory of C. Tielsch 
and Company, which is said to be the largest all-porcelain (no 
stoneware) plant in Europe, employing 1400 people and oper- 
ating 14 periodic kilns and two continuous kilns. One kiln was 
-employed for biscuit firing at a temperature of 1050° C. and the 
second kiln for elost firing at a temperature of 1430° C. Ex- 
cellent results were being secured, both as to low fuel consump- 
tion and in the matter of maintaining uniform temperature. 

At that time similar kilns were in operation at Levano, 
Italy ; Grimstadt, Bavaria, and Montereau, France, for the firing 
of earthenware, some six or eight in all. 

Since that time two kilns of this type have been constructed 
at the Henningsdorf factory of the Allgemeine Elektricitats 
Gesellschaft, in Berlin, for firing electrical porcelain and in this 
country the first two kilns of this particular type were con- 
structed at Keasbey, N. J., in the works of the Didier-March _ 
Company, where the kilns are employed for firing refractory 
products. 

_ The construction and operation of the two kilns at Keasbey 
(1910), brought this type of kiln to a point where it could be 
closely studied under conditions of American fuel, refractory 
materials, labor, etc., and after a further study of the kiln the 
writer recommended its construction by the General Electric 
Company. In 1913 such a kiln was constructed at Schenectady, 
N. Y., and has been operated with very successful results since 
that time for firing porcelain. 

The origin of the particular details of construction of the 
type kiln under discussion is somewhat obscure, but certain basic 
features seem to have been developed in France by E. G. Fau- 
geron of Montereau. Other features have been developed by 
the Didier-March Co. and their European associates. 
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While the continuous system of firing is fundamentally 
sound and of correct principle, application of the system to high- 
grade clay wares, using high temperatures, has not always been 
readily accomplished because of mechanical difficulties. There 
are problems of properly setting and moving the ware, of con- 
trolling the draft, etc. 

The type of kiln under discussion appealed to the writer 
because of having seemingly reduced the construction to the 
basis of the greatest possible simplicity. The kiln is simply a 
Straight tunnel 197 ft. in length with a fixed firing zone some- 
what nearer the discharge end than the charging end. A track 
extends through the kiln and upon this the cars are moved, being 
gradually brought up to the firing zone, given the necessary pe- 
riod of exposure to the maximum temperature and then passed 
to the cooling end of the kiln. 

By referring to the diagram in Fig. 1, the general operation 
of the kiln may be explained as follows: 

At the charging end of the kiln “A’’, loaded cars are periodi- 
cally “fed” into the kiln, being first placed in a vestibule which 
is shown in Fig. 2. This vestibule is necessary to prevent dis- 
turbance of the draft while the inner door of the kiln is opened 
to receive the loaded cars. After the entering car is in the 
vestibule and the outer door closed, the inner door is then opened 
and the car moved into the kiln proper, pushing all preceding 
cars before it. 

Movement of the cars is-accomplished by a hand windlass 
operating an endless chain just below the cars at the charging 
end of the kiln. This chain is provided with hook lugs which 
engage the axles of the car and move it forward as the wind- 
Jass is operated. To facilitate the pushing of the entire train 
of cars the track through the kiln floor has a slight drop from 
the charging to the discharging end. 

As each additional car of ware is placed in the kiln the | 
entire “train” of cars in the kiln progresses car-length by car- 
length, gradually passing through the zone B, which for some 
wares might be called the “water smoking” zone, into the zone C 
and thence into the firing zone D where the highest heat is im- 
parted to the material. After the car of ware has remained 
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‘in the firing zone a sufficient length of time to bring about the 
desired vitrification or shrinkage in the ware, as indicated by 
pyrometric cones, or other means, it passes into the cooling 
zone E where the material is cooled slowly and uniformly. The 
car leaves the kiln at F in such condition that the material can 
at once be taken to storage and unloaded, or, if somewhat too 
hot, can at least be sidetracked and gotten out of the way of 
the kiln, thus providing an advantage in this respect, since in 
periodic kilns too hot to unload, the kiln space must be occu- 
pied until the men can take out the ware. 

At a point “G’ between the charging and discharging ends 
of the kiln the four grates for direct firing are located, two on 
either side, and form the base of the combustion chamber. This 
combustion chamber is separated from the main tunnel by an 
inner wall, and the products of combustion pass through the 
tuyeres H and enter the main tunnel where they become dif- 
fused and circulate around the ware, successively passing through 
and into the zones C, D and B. At the point J the waste prod- 
ucts of combustion and steam pass out of the kiln into the stack. 

Air for combustion enters the kiln through ports in the 
walls at the discharge end. This air passes through “serpentine” 
flues and becomes preheated by contact with the cooling ware. 
As the ware cools, the heat units are given up to the in-coming 
cold air, and this preheated air passes on until when nearly to 
the firing zone it is divided, part of the air passing under the 
grate bars to be used for combustion (primary air) and part 
of the air being deflected into the kiln chamber to complete 
combustion of the fuel gases (secondary air). The heated com- 
hustion gases pass through the tunnel towards the charging end 
and heat up the in-coming ware, leaving the kiln through the 
stack flue at a point about 10 feet from the charging end of the 
kiln, as indicated by J in Fig. 1. 

The kiln has a capacity of 36 cars, and one car is entered 
and one removed from the kiln every two hours. A car thus 
requires 72 hours to pass through the kiln. 

An important feature of the cars is the “sand seal” to 
prevent the heat of the kiln from finding its way beneath the 
cars where it would soon damage the wheels and axles, to say 
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nothing of disturbing the draft. This consists of sheet-iron 
aprons or shields which move through troughs of sand on either 
side of the tunnel wall. 

The tunnel is provided with a “subway” which extends the 
entire length of the kiln beneath the cars and from which the 
heat is excluded by the sand-seal above mentioned. 

The temperature is measured by a Taylor Instrument Co’s 
recording radiation pyrometer and also pyrometric cones placed 
on each car. The recording radiation pyrometer is used to main- 
tain the correct firing conditions to give the greatest possible uni- 


formity of temperature, and the seger cones are used on each . . 


car as a final gauge to determine when the car has been in the 
firing zone for a sufficient length of time. While the normal 
time for each car is 2 hours, it is sometimes necessary to re- 
move a car from the firing zone before this period elapses, and 
at other times a longer interval is required. These differences 
in firing periods are brought about by differences in fuel, dif- 
ferent draft conditions, bulk of ware being fired, etc., but in 
general the periods average two hours. 

The draft is indicated by a draft gauge placed at the en- 
trance of the stack flue. Draft in the kiln is controlled by 
dampers, both for the primary and secondary air, and it can 
also of course be controlled at the ports through which the cold 
air is admitted to the kiln at the discharging end. There is also 
a main damper controlling the draft in the flue to the stack 
or chimney. 

Youghiogheny coal (114 in.) is used for firing, and the 
four fireboxes (two on either side of the firing zone) are fired 
one at a time every 12 to 15 minutes so as to maintain as closely 
as possible the same conditions of oxidation and reduction, as 
well as temperature. About three tons of coal are used daily. 

Figure 2 shows the vestibule at the charging end of the 
furnace. i 

Figure 3 shows a car entering the kiln. 

Figure 4 shows the hand windlass by which the entering 
car is pushed into the kiln and also, in the background, shows 
the loading gauge and the racks from which the saggers are 
filled with ware before they are placed on the cars. 
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Figures 5 and 6 give close views of the loading gauge used 
in one instance for loading the cars with saggers of electrical 
porcelain and in the second instance with fire brick and re- 
fractories. 

Figure 7 shows the fire-box zone. 

Figure 8 gives a general view of the kiln from the dis- 
charge end, and Figure 9 of a car emerging from the discharge 
end of the kiln. 


Figure 10 shows a car of refractories just withdrawn from 
the kiln. 


The kiln at Schenectady is used in firing of porcelain in- 
sulators to a temperature of 1300 to 1400° C., this class of ware 
of course being all fired in saggers. The kilns at Keasbey are 
used in the firing of fire brick and refractories at practically 
the same temperature, and in both instances a uniformity of 
distribution of temperature is secured of well within one cone. _ 

As an indication of the efficiency of this type of kiln it 
may be noted that the temperature of the escaping gases is very 
low, averaging 200-220° C. at the damper in the Schenectady 
kiln and 150-200° C. at the damper in the Keasbey kilns. 


The tunnel and track must be constructed with great ac- 
curacy, and it is also imperative that in passing the loaded cars 
through the kiln there be no obstruction or contact of the cars 
with the inner walls of the tunnel. In loading the cars the 
gauges previously described are used constantly, so that the load- 
ing can be carried to a maximum without having the ware 
project at any point so as to strike the tunnel walls. 

In the kilns at Keasbey 650 pounds of coal is used to 1000 
standard 9 in. brick. In the kiln at Schenectady three tons of 
coal are used each 24 hours or 21 tons per week. Each car will 
carry eighty-seven (87) saggers twelve inches in diameter by six 
inches high (inside measurements). Thus in one week about 
7000 such saggers can be handled. The continuous kiln turns 
out about three and one-half times the work of one periodic 
kiln of the size mentioned, or, in other words, is equivalent to 
three and one-half 14 foot periodic kilns. 
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The amount of coal consumed is about one-half that of 
the periodic kilns for the same sagger volume carried through. 
In computing the cost of porcelain firing, the volume or space 
occupied is the basis used for calculation. 

For those who figure weights it may be said that a sagger 
of the size under discussion weighs about 31 pounds and the 
weight of ware will average about one-third of this, giving a 
total average weight per loaded sagger of about 41 pounds, 
or a total weight per car of 3567 pounds. 


In the matter of labor the cost has been found to be about 
10 percent less for loading and unloading, and the cost of firing 
about the same as in periodic kilns. There is, of course, a greater 
degree of cleanliness in having the firing zone at a fixed point 
and of comparatively small area and the loading and unloading 
can be carried on with greater ease than in periodic kilns. 


The life of the saggers has been increased 16?7/, percent, 
due probably to the fact that they are not subjected to the 
weight and cross strains encountered in the periodic kilns. 

As far as our experience has gone with the kiln at Schenec- 
tady, the cost of repairs amounts to approximately the same as 
in three or four 14 foot periodic kilns. Special.refractory shapes 
are required for construction and maintenance, and these are, 
of course, more expensive than standard fire brick. 

The Didier-March Company were the pioneers in building 
this type of kiln in this country and in addition to constructing 
two kilns of their own, constructed the kiln now being operated 
at the Schenectady Works of the General Electric Co. 


United States Patent No. 1,103,184 applies to this type of 
kiln, and it is also covered by a number of foreign patents, 
among which may be mentioned the following: 


German Patent No. 104,241 and 119,516 
Hungarian Patent No. 13,504 

French Patent No. 275,994 

English Patent No. 13,386 

Austrian Patent No. 48,365 

Swiss Patent No. 17,570 
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Luxemburg Patent No. 3,324 
Belgium Patent No. 137,906 
Italian Patent No. 106,243 and 162,216 


In conclusion the writer wishes to express thanks to the 
Didier-March Co. for data and photographs, to A. V. Bleininger 
for historical data and to Prof. Edward Orton for suggestions as 
to desirable data. | 


NOTES ON THE ELUSIVE TWENTY PERCENT 
PAVING BLOCK 


BY MARION w. BLAIR, M. E. 


There is a steadily increasing demand for paving block of 
high quality, low test and uniformity. Many plants are so 
favorably situated as to raw material that a low test, say around 
twenty, is the rule rather than the exception. Some plants never 
hope to make a twenty percent block, and by their owners the 
rattler is regarded as a piece of inhuman ingenuity, designed 
solely to ruin their business. Some others have been able to 
improve their quality by care and diligence. There is a third 
class and the most discouraging of the lot, where, among an 
average which is high, an occasional eighteen or twenty percent 
test turns up and the question naturally arises, if one test can 
be made like that why cannot all of them be made that way. 

The importance of this variation is fully recognized by 
the manufacturer upon whom it may inflict a serious loss. 
Through fear of such conditions, the manufacturer puts on a 
price which loses the work, or, having accepted a contract, he 
loses the profit of a season by rejection and condemnation of 
certain shipments which he may have shipped in good faith as 
coming under the requirements. Even under the latest adopted 
rules of test, resorting may become necessary, and the result 
will be a loss of profit even though the job is retained. The 
condition of elusiveness, however, has been accepted as one of 
the unavoidable curses of the business rather than being subject 
to control. It has been in an attempt to spot the defect in 
method or material on such plants that the writer has made a 
number of experiments and, while they have not been con- 
clusive in their results, they have been interesting and, I may 
say, profitable. An account of them may prove of interest to 
others — or give another some idea from which he may locate 
a baffling defect in his own product. With this in view, rather 
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than to produce a scientific article on the subject, this paper 
has been written. 

Common sense and a little observation will demonstrate 
pretty clearly that there is not an atom of uniformity in a thirty 
foot shale bank. There is shale which has been partially 
weathered, and there is unweathered shale. There is sandstone 
in ledges and gravel. There is common yellow clay and grass 
roots, iron ore, limestone and many other things in the mixture, 
each and all having its own chemical composition and physical 
form, and out of the mixture it is impossible by our present 
methods to extract ton lots to be ground, screened and pugged, 
run into a column, cut into ten pound sections, pressed, dried, 
burned and shipped, from which any ten of the ten pound 
sections may be picked which will in all particulars be exactly 
similar to any other ten sections which have come from the 
same pit but probably from a different ton. Paving brick manu- 
facturers know this, sensible engineers ought to know it, and 
while the 4d. S. T. M. recognizes it in the report of Committee 
C-3 on Paving Block Tests adopted this year, still the demand 
continues for an unreasonable uniformity in low testing paving 
block. The manufacturer continues to try to produce it — not 
as an essential to quality in the pavement, for that he already 
has in the brick far in excess of the quality and care used in 
construction, but as a protection to profits which are lost by 
condemnation of shipments which are at the mercy of an un- 
reasonable engineer. ! 

In general a clay mixture can be obtained at the dry pans 
which will produce a column of fairly even color and that is 
the basis upon which the average plant, and especially a failing 
one, will lay its claim to an effort to make a uniform product. 
But a uniform color does not indicate a uniform grain or uni- 
form pugging, or machine knives and auger in good condition, 
or a properly lubricating die, any one of which “gone wrong” 
can be cause sufficient for a wide variation of test. 

The writer appreciates the fact. that no two materials can 
be worked exactly alike. But it must be conceded that each ma- 
terial has a right way and a wrong way to be worked, each 
detail having a measurable quality essential to the best in that 
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particular material. After it has been demonstrated, for instance, 
that fifty percent or more of a given clay must pass through a 
sixteen mesh screen to produce a twenty percent block even 
part of the time, there should then never be found on that plant 
a block of coarser grind, except its manufacture be the result 
of accident or experiment, and in either case a record of when 
and why should be possible. That is the ideal, but unfortunately 
the most approved grinding and screening apparatus now in use 
is not capable of such fine adjustment, and the present and 
prospective price of paving block perhaps would not justify 
either the investment in machinery or the cost in labor to se- 
cure it. It is doubtless at the screens that a sensitive clay re- 
ceives a variation of grain which might easily account for all 
the lack of uniformity in its testing qualities, and a little care 
at this point might easily make a fairly good block, in materials 
which are now considered worthless for the purpose. 

If these experiments and suggestions point to a greater re- 
finement in screening, mixing and firing methods than the manu- 
facturer is prepared to accept as necessary, they will meet with 
scarcely less hostile reception and criticism than the theory ad- 
vanced by the writer in 1910, that a satisfactory and uniform 
testing apparatus would require a chemical analysis of the shot 
employed. Today, however, that refinement is above criticism 
of engineers and manufacturers alike. 

The condition which produces the variation is sometimes 
momentarily beyond control— for instance, wet and dry con- 
dition of clay and uneven feed, a loose or a broken screen wire, 
the grinding of dryer waste. The tests in Table I, taken at one 
minute intervals for ten minutes when none of the unusual 
conditions mentioned prevailed, will show somewhat the extent 
of this variation. 
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TABLE I—SIZING TEST 

THRU 20 On 20 on 16 on 12 on 10 on 8 

012 107 162 100 099 © 017 

465 086 202 100 096 015 

481 97 160 121 119 019 

480 109 185 115 93 17 

498 92 195 104 93 17 

464 104 249 TO lez, 72 08 

612 119 141 | 73 AT 13 

449 96 tgs Poe ieee aes a 119 013 

543 105 gl 102 70 007 

504 12 Mie 098 064 005 

PANEL AG Gare) ie or-csscry 4 505 102 184 104 87 13 
Maximum percent... 61 el 24 14 if 19 
Minimum percent.... 44 8 14 is 4 5 























Yet in many plants striving to produce the twenty percent 
block, there is no method employed to check the screening, and 
such a thing as a set of chemists’ screens is unknown. 

The block produced in that ten minutes were marked, set 
together in a kiln and burned under oxidizing conditions, with 
the results shown in group I, Table II. 


TABLE if— RATTLER LOSSES — 











GROUP I 
OXIDIZING BURN 


GROUP II 
REDUCING BURN 





DOO 

He 

26.80 

22209 

23.68 

24.62 Average 
26.80 Maximum 
22.65 Minimum 





18.75 
20.08 
18.22 





19.01 Average 
20.05 Maximum 
18.22 Minimum 





A portion of the marked block were then reburned under 
reducing conditions, with the resu!ts shown in group II, Table IT. 
There is no evidence that the lack of uniformity in group 
I was entirely due to a lack of it in the grain of the clay but, on 
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the other hand, there is no reason to suppose that it did not 
influence it. 

Sad experience on one plant has demonstrated that coarse 
grinding is dangerous and, while it is impossible to secure 
uniform. fineness, it is possible to prevent undue coarseness. 
Therefore, tests are made four times a day, and should an ap- 
preciable increase in coarse clay appear, it is investigated and the 
defect remedied, be it from a wire loose or out, or what not. 
It has been found that the wearing of. wires allows a gradual 
increase in size of grain, but this increase is not allowed to go 
beyond certain limits. Chutes have also been provided which 
reduce this wear to a minimum. Variation, however, continues 
as the following tests demonstrate. 











TABLE III—SIZING TEST, 
THRU 20 | on 20 | on 16 pare 20 | ox20 | owts | owtz2 | owt | ox on 12 | on 10 | on 8 
| | 
492 ggg |) Sag eee eee 149 | 209 92 | it 5 
o38l | 121 239 70 | 30 | 3 
607 122 174 69 24 1 
632 146 1%8. 35 / & 1 
486 144 235 100 32 1 
476 17 219 116 56 | 1 
647 119 231 89 11 | 4 
671 119 133 48 20 | 2 
614 126 170 64 23 | 1 
568 | 143 185 76 26 | 1 
628 151 181 31 8 | o 
576 124 210 yal 18 1 
359 97 199 133 154-103 4 59 
529 185 203 57 23 3 
538 120 229 69 37 | 5 
639 120 147 50 36 4 
508 153 240. 33 Be 2 
575 192 167 | 43 18 3 
533 155 © 195 75 39 2 
518 139 172 | 98 65 8 


—_—- 


1Taken at two and one-half hour intervals. 


But a kiln with wide variation is becoming a rarer occur- 
rence. With the screening under close observation, attention 
was turned to other processes in the manufacture. 

Pugging is more or less variable, and its variations are 
more difficult to observe and control. Worn knives, wet or dry 
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clay, more or less water and variation in grain are all factors. 
The influence of an even pug on quality, however, is beyond 
question. But in this particular, as in no other except burning 
temperatures, is each material a problem unto itself. I have 
been unable to devise any practical method of measuring the 
pugging which can be quickly and accurately checked. There 
is too much deflection in the cutting wires, permitting an uneven 
quantity of clay in separate blocks, to determine the pug by 
weight. The following experiments on pugging indicate the in- 
fluence that different pugging may have. To determine whether 
the oily waste going back to the pug mill was detrimental or 
not, I had all the waste during a given period removed from 
the belt, letting fresh clay only go into the blocks made. Each 
block was marked. 

The waste alone was then returned to the pug mill with no 
new clay and run into block. Each block was marked in this 
case as well. I expected an exaggerated difference in test, as 
the oily condition was exaggerated. The clay was of course 
identical, as the waste had been part of the original column. The 
two lots were dried, one block of each lot set faced with one of 
the other, burned as usual and tested with the results as shown 
mnvbable LV. | 








TABLE IV 
SINGLE PUG | DOUBLE PUG. 
| 
33.6 | 20. 
30.8 20.6 
345 | 9705 
33.4 | 26. 
33.84 26. 
32°73 2on 6 
30.00 25: 
BOLO 208 
Bon PAs 
| 26.28 
32.934 Average 25.578 Average 
384.9 Maximum | 27.05 Maximum 
30.00 Minimum 23.00 Minimum 





The lot had been divided and a portion set in a different. 
part of the kiln and as the result was so different from what 
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had been expected, a second run of tests was made. The results 


are shown in Table V. 


TABLE WV 








SINGLE PUG 


DOUBLE PUG 





35.4 
33.5 

33.6 

38.77 
32.72 
28 82 
31.79 
33.84 
31.96 
84.35 


33.475 Average 
35.4 Maximum 
31.79 Minimum 
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25.48 has Pm eae 

DOr) i Sore hs . <s 
24.2 » 3d a Bee 
2638 gras Nog ahh oe 
24.0 ats Beta uadihs 
26.0 : $ 
Psa: 

22299 

23 .90 

92.36 





24.782 Average 
29.2 Maximum 
22.36 Minimum 


The only conclusion which I could consistently draw was 
that the second pugging had overcome any bad effect the oil 
might have had, but it showed that an unusually low test. might 
easily come from a batch of waste clay being run through the 
machine. The clay used in this series was a particularly sandy 
shale which ordinarily gave the higher tests. 


Priding myself upon a brilliant discovery, a year later I 
tried the same thing on another plant, and even ran a portion 
of the batch through the pug mill a third time. The result 























follows: 
TABLE VI 
SINGLE DOUBLE TRIPLE 
21.54 24 .33 25.92 
21727 22.22 | 25.79 
21.92 Ba. 08 24.73 
21.65 23.52 | et Be 
21.16 21 an ewte © 24.86 
Average 21.50 23.18 | 25.66 
Maximum 21.92 24.33 a an 8 ea 
Minimum 21.16 21.92 . pp Wehas 
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Comment is perhaps superfluous, except that the opinion 
that each material has its own best treatment so far as pugging 
is concerned was materially strengthened. But further investiga- 
tion on that particular plant in that particular department is 
certainly in order, for it is known that eighteen percent block 
have been made there and it is not unreasonable to believe it can 
be done again. 

A paper of this character would not be complete without. 
the mention of our old friend lamination. In this connection, 
die friction probably introduces an additional variable which is 
shown in dry slips just under the surface of the block, which 
are readily exposed in the rattler and an undue proportion of 
such block in any one test will run that test exceptionally high. 
On the other hand, their absence will produce a test exceptionally 
low. This defect is readily recognized and can probably be 
largely eliminated by a feeder of the disc type over the pug 
mill, giving an even flow of clay for any set lubrication. | 

Even though every other department were under observa- 
tion and working at its best, it is entirely possible to upset all 
precaution in the burning and cooling. That a different finish 
—reducing or oxidizing — will produce different results in 
certain materials has been clearly demonstrated. In this con- 
nection I will refer again to the tests in Table II, which show a 
difference of four points between the two methods of finishing. 

The degree of reduction may also show an influence of sev- 
eral points as shown in the following tests: 


(Reburned ) 
23/03 20.83 
25.52 20.72 
25.78 
28.57 
a7 22 
24.47 


The first two tests and the two reburned were taken from 
the same kiln zone and adjacent. The remaining four tests in the 
first column were block from different points of the same kiln. 
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The temperatures in the two cases were as nearly identical 
as the use of pyrometric cones enables one to obtain. The only 
apparent difference was in the length of the reduction period. 
It is my opinion, though not yet fully demonstrated, that some 
materials are more sensitive to very slight temperature differ- 
ences than is supposed and that a careful study would reveal 
a critical time and temperature at which very nearly identical 
results could be expected and which is possible to secure com- 
mercially with proper apparatus. The difference in test between 
the top and bottom of kilns indicates this to a certain degree, 
although the superimposed weight on the lower courses is no 
doubt a factor. | 

Many questions arise which can only be answered by the 
average results of many tests under as nearly identical conditions 
as is possible to maintain. A systematic record of results so 
obtained on any particular plant would eventually offer a solu- 
tion of its problems, but it is a slow, tedious process. The mea- 
ger results here given cover about four years’ study and ob- 
servation, and we are just beginning to learn some of the points 
which need to be studied. Therefore this paper can have no 
proper conclusion. It is a progress report with most of the 
progress left out. One might be compared to a kitten chasing 
its own tail, for the block we test today were made thirty days 
ago. What the block we make today will test will be an unsolved 
problem for thirty days to come and from now to then we have 
constantly changing conditions. A block once made is past cor- 
rection. It is what it is and must so stay. Unlike many iron or 
steel products which can be tested and corrected either en masse 
prior to pouring, or later by individual heat treatment, paving 
block can be added to or taken from only to a very small degree 
in the kiln. Success must depend on a system of records by 
which today’s product may be judged by that of at least thirty 
days ago, and in turn that of thirty days hence by today’s. If 
a plant has no such system and its organization lacks the 1n- 
genuity to devise and ability to interpret one adapted to its 
need, it is probable that the twenty percent block will continue 
to be as elusive as a will o’ the wisp. 


SOME USES OF CERAMIC MATERIALS IN THE 
EKLECTRICAL INDUSTRY 


BY W. ANGUS DENMEAD 


It was suggested to the writer some time ago that ceramic 
engineers and producers of ceramic materials, had as a rule no 
idea of the extent to which ceramic processes, products, and com- 
mon materials are used in the electrical industry, and that a 
brief paper on this subject might be of considerable interest to 
producers of ceramic materials and wares. For your considera- 
tion, the following was prepared in which I have attempted to 
give the major uses as headings with brief ideas of the materials 
and processes wherever possible. 


This paper includes all the uses with which the writer is 
familiar but there are doubtless many other materials and pro- 
ducts in use. 


Under the first grouping is given the true ceramic products, 
in other words the products that depend upon the formation of 
silicates for their properties to a considerable extent at least. 
In the second group is given the materials or processes in which 
the comon ceramic materials, such as flint, clay, feldspar, whit- 
ing, etc., are used to a greater or less extent but in which sili- 
cate formation plays either a minor part, or none at all. It may 
perhaps seem to be going out of the field to include the second 
group, but as this group should be of interest to producers of 
raw materials for ceramic purposes, it is included. 


TRUE CERAMIC PRODUCTS 


Electrical Porcelain. This product is probably the most 
important single ceramic product in the industry as practically 
all line insulation, as well as a multitude of wiring supplies, such 
as porcelain tubes, cleats, knobs, switch bases, socket covers, etc., 
are made of this material. It would appear as if this field 
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will be developed far beyond its present status, as the strides 
taken in the past ten years have been very great. This product 
is almost invariably one-fire work, the glaze and body being 
matured together. The glaze is similar in formula to the body, 
but so designed as to melt several cones earlier, thus passing to 
a glaze by the time the body nears complete vitrification. The 
choice of mixture and ingredients as well as the preparation 1s 
highly important, as it is extremely desirable to reach as near 
absolute vitrification as possible without deformation. Electrical 
porcelain possesses certain advantages that will make it very 
difficult to replace, a few of which are cheapness, ease of form- 
ing to many shapes, permanence, heat and water resistance, high 
dielectric strength and appearance. 

Compounds for Heating Devices. The growth of the 
heating device branch of the electrical industry has created a 
demand for a material that has a much higher dielectric strength 
and resistance than porcelain at elevated temperatures. A num- 
ber of compounds are being produced for this purpose in which 
an attempt has been made to take advantage of the well-known 
properties of alumina, magnesium oxide, lava and several other 
materials for the purpose, but in practically all cases the com- 
pound depends upon the formation of silicates during burning for 
the binder. There is a constantly increasing demand for these 
materials, and the ceramist is hard pressed to keep up with the 
electrical engineer’s requirements. ie SteR | 

Compounds Resistant to Breakage from Sudden Tem- 
perature Changes. As a great deal of electrical machinery 
has a tendency to heat up rapidly, and much of it is placed where 
it is exposed to the elements, there has arisen a demand for mate- 
rial capable of resisting sudden fluctuations of temperature better 
than porcelain. In this class are included heating device plugs 
and element supports, medium temperature electrical furnace 
linings, as well as spark plugs and the like, the nature of which 
makes such a material essential. Here again the formation of 
silicates is depended upon for binding, and materials such as 
alumina, steatite, zirconia, etc., are added in an effort to impart 
their characteristics to the whole. This group somewhat over- 
laps that of the group above, and in general, materials fulfilling 
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the requirements of one group will answer those of the other, 
but in a number of instances the requirements are quite different. 

Molded Compounds. Lest this term be misunderstood, 
it may be well to state that by it the writer means practically any 
material, (excepting porcelain and closely allied materials), 
which are formed in a plastic, or semiplastic state and after- 
wards hardened and given the other required properties by heat, 
steam-pressure, treatment with chemicals, etc. 

There is only one compound with which the writer is famil- 
iar that depends wholly upon silicate formation for its bond, 
but this is an extremely useful one, depending upon the sand- 
lime brick reaction for its success, in that this reaction causes 
the hardening of the compound and produces low porosity. Fil- 
lers such as asbestos may be used in the same to increase its 
strength, and the compound may be finally inpregnated if poros- 
ity must be absolutely eliminated. 

Refractory Materials. ‘These are not directly related to 
the industry, but the development of the electric furnace for va- 
rious purposes has created a demand for refractories of extremely 
high deformation point, good resistance to temperature changes 
and high electrical resistance at elevated temperatures. Among 
these materials are brick, linings for high temperature appa- 
ratus and. other refractories, depending upon alundum, carbo- 
rundum, green oxide of chromium, magnesia, zirconia and many 
other materials for their refractory properties, but in most cases 
silicates are depended upon for the binder. There is a limited 
use in this industry for graphite blocks and tubes, through which 
large currents are passed, causing rise in temperature. These 
blocks are used in furnaces where extremely high temperatures 
are desired, and usually some neutral gas is used for an atmos- 
phere in order to cut down the oxidation of the graphite units, - 
thus prolonging their life. The binder for these blocks and tubes 
is usually a ceramic mixture. Arc lamp carbons, though not 
belonging strictly to this class are included here, and though 
their production is a decreasing one, owing to the series incan- 
descent lighting, it is still great. A ceramic mixture is usually 
loaded with a conducting substance, making the whole of very 
low resistance after firing. 
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Natural Silicates, as Insulators. Several natural silicates 
are used for various insulating purposes, a few of which are as- 
bestos, mica and feldspar. Of these of course the most valuable 
by far is mica, and it is hard to imagine how the electrical in- 
dustry would get along without this material. Mica for insu- 
lating purposes falls into two general groups, muscovite and 
phlogopite. The uses of the two micas are quite dissimilar, 
the former being used where highest dielectric strength and color 
are important and the latter where resistance to high tempera- 
ture, greater resistance to abrasion as in commutators, etc., is 
necessary. Mica is used to a considerable extent merely split to 
the required thickness from the natural mineral as it occurs, but 
the greater part is used in what is known as “built-up” mica, this 
being a material made from comparatively small “splits” and a 
sticker of either organic or inorganic nature. Mica of the best 
quality is probably of the highest dielectric strength of all known 
materials. 

Slate, soapstone and lava are used to a considerable extent 
for panels, bases, etc., and are very valuable owing to their 
toughness and ease of working to shape. 

Heat Insulating Materials. In this group are the min- 
erals asbestos, kiesulguhr, and diatomaceous earth as well as 
several artificial products known under the trade terms of Pop- 
lox, Calorox, Fibrox, etc., the latter products depending on me- 
chanical and ceramic processes which leave silicates in extremely 
fine state of subdivision at the end of the treatment. These 
latter materials are becoming increasingly important, owing to 
the necessity of perfect heat insulation in electric stoves and other 
devices to secure maximum economy and efficiency. The arti- 
ficial materials far surpass the natural ones. 

Glass. This material, used to a considerable extent at 
one time for line insulation, has now practically disappeared ex- 
cept for very low tension lines, but very recently new glasses have 
been invented which, if the maker’s claims are borne out, will 
undoubtedly bring glass into wider use again. It is understood 
that the properties of these new glasses are supposed to be due 
to a considerable percentage of boracic acid or its compounds. 
The introduction of the new cooking glass ware, which seems to 
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give satisfaction, would point towards the probability of such a 
glass being quite useful for certain insulations. 


Glass is also used for a great variety of electrical parts such 
as lamp and rectifier bulbs, lamp shades, reflectors, beads, etc. 

Artificial Silicates for Resistances. Many attempts have 
been made to make use of ceramic products for resistances for 
extremely heavy duty. The writer understands that a ceramic 
mixture, to which is added various conducting substances and the 
whole fired to a dense mass, is used. One may readily under- 
stand that any success with such a product would necessitate the 
utmost care in every operation as of course great uniformity of 
materials and handling would be absolutely essential in order that 
the manufacturer might predict the results of his mixtures. The 
economic production of such articles strikes the writer as the 
most exact factory ceramic problem of the day. 


Enamels. These soft glasses are becoming more and 
more valuable to the industry, being used for finishes, for their 
diffusing properties in lighting devices, for insulated and weather- 
proof surfaces, as relays, resistance units and other small parts 
that are in exposed places and therefore should be water-proof. 


Conduits. These ceramic products of the cruder sort are 
somewhat similar to flue linings and fire-proofing and are used 
_to a great extent in large cities, where the use of under-ground 
cables, telephone wires, etc., require a permanent protective cover 
and spacer. 


OTHER USES OF CERAMIC MATERIALS 


In this division the materials are used principally as fillers 
or to impart characteristic properties to the product, but in no 
case is the formation of silicates in the process of manufacture 
of great importance. 


Cables. Several materials commonly used in ceramic 
wares are used in the manufacture of rubber insulated cables. 
Among these are calcium oxide, and magnesia. These materials 
are used as fillers for retarding the action of destructive gases, 
etc., and play a highly important role in the efficiency of the 
cable. Asbestos is frequently used as a fireproof braid for wire. 
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' Paints. Practically all ceramic materials are used in the 
manufacture of paints, for fillers, for their drying action on oils 
or other desired effects. By means of these materials the phys- 
ical properties of the paints, such as the gloss, color, drying 
time, brushing and adhesive . qualities, may be controlled. 
Among the common fillers are clay, barytes, oxide of zinc, di- 
oxide of manganese and white lead. Sos, 

Papers. The use of ceramic materials in this field is an 
indirect one but also an important one, since insulating papers 
are used to a great extent, and the fillers commonly used in 
their manufacture, such as talc and clay, enter indirectly in the 
insulating value of the completed material. 

Molded Compounds. Many ceramic materials are used 
as fillers for molded compounds, each material imparting to the 
molding, somewhat different physical properties. Considerable 
quantities of these fillers are used, the commonest of which are 
clay, flint, feldspar, whiting, marble, glass, mica, asbestos and 
talc. The fillers alter the strength, finish, ease of molding and 
machining, color, etc., and the properties of the molded com- 
pound may in extreme cases, depend almost as much upon the 
filler as upon the binder. Hard rubber belongs to this group as 
some of the above materials are used for fillers principally to 
reduce the cost. 


AN ATTEMPT TO FIT ENAMELS TO PLASTIC CLAY 
. BODIES ' 


BY Fe As KIRKPATRICKS HW. C.- ARNOLD, AND C. F. GEIGER 


The present method of enamel brick manufacture is 
described by Stull in Vol. XII of the Transactions of this 
society. 

Enamel brick require two coats, a thick slip of high clay 
content, opaque when burned, and a thin glaze. The slip is 
applied by hand dipping or by a mechanical veneering device, 
the glaze by hand dipping or spraying. 

The present investigation was undertaken to determine the 
possibility of replacing the two coats by one, an enamel, applied 
by a veneering device directly to a stiff plastic column issuing 
from a die. In this manner the cost of manufacture could be 
reduced considerably. 


Ther principal detects® that appear after application of a 
slip to an enamel brick body and before burning are: 1. Pin- 
holésy. 2, ‘lakine, 3: Cracking. 


The first named defect is generally easily overcome. Flak- 
ing and cracking, however, often cause much trouble. They 
are governed by two properties of the enamel: shrinkage and 
adhesion to the body. The control of these is the means of 
attack in this investigation, since the enamel is to replace the 
slip and must by some means be given the properties possessed 
by a good slip. 

There are three conditions necessary for perfect mechanical 
fit between a slip and a plastic body, namely: 


1. There must be sufficient adhesion between slip and body, 


1A review of two theses, one by F. A. Kirkpatrick and H. C. Arnold_as 
part of the requirement. for the degree of Bachelor of Science in Ceramic En- 
gineering and Ceramics, 1914, the other by C. F. Geiger for the degree of Bachelor 
of Science in Ceramic Engineering, 1915. Department of Ceramic Engineering, 
University of Illinois. pee a pare 

Aho Powel toes, Amer, Cer. Soc... Vol, XI, p. 715. 
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2. The amount of shrinkage of the slip must be the same 
as that of the body, | 

3. The rate of shrinkage of the slip must be the same as 
that of the body. 

The last two conditions may be fulfilled, but this is not 
enough. If adhesion is insufficient, perfect fit will not result. 
In many cases there is sufficient adhesion, but difference in 
shrinkage causes flaking, cracking, or both. 

Stull® shows that shrinkage of the slip and adhesion of the 
slip to the body are controlled by change in the kind and amount 
of clays present, the defects of cracking and flaking being thus 
remedied. Also, the limits of clay content of good slips for 
leather hard bodies are from 25 percent to 70 percent. 

The use of this method in°an enamel is limited, for an 
enamel containing more than about 30 percent of raw clay is not 
glossy when burned. Also, more than Io percent of ball clay 
cannot be used because its iron content imparts to the burned 
enamel a yellowish-brown tinge. Since raw clay in amounts 
up to 30 percent does not give the enamel sufficient shrinkage 
and adhesion, flaking and cracking result; hence it is necessary 
to coagulate or to increase the colloidal material in the enamel 
in order to obtain the proper amount of shrinkage and adhesion. 

A review of ceramic literature shows that although con- 
siderable work has been done on the effect of electrolytes on 
clays and clay bodies in the thin-suspension and plastic states, 
very little is recorded on the action of electrolytes or colloidal 
materials on glazes. 

The conditions in glaze mixtures are more complex than in 
clays on account of the number and amounts of different con- 
stituents in the former. This may be shown by the considera- 
tion of the conditions existing in the wet-ground enamels used 
in this investigation. These contain calcium carbonate, barium 
carbonate, zinc oxide, feldspar, tin oxide, silica as ground quartz, 
and clay. The carbonates and the zinc oxide are slightly soluble 
in water and are hydrolyzed, causing the aqueous mixture to 
be alkaline in nature. This would deflocculate the clay present. 
Reactions might occur between the adsorbed salts in the clay 


8 Trans. Amer. Cer. Soc., Vol. XII, p. 715. 
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‘and the other substances in the mixture. The mineral impur- 
ities in the materials used cause further reactions. An electro- 
lyte added to this mixture has a different effect on each sub- 
stance present, making a theoretical study of the resultant effect 
a difficult matter. 

For the purpose of regulating the shrinkage of the enamel 
and its adhesion to the body the following methods were used: 


Precipitation of colloidal silicates in the enamel. 
Coagulation by means of salts. 
Coagulation by means of acids. 
Coagulation by means of alkaline substances. 
Precipitation of colloidal silicic acid in the enamel. 
Introduction of calcium, barium, and zinc in the enamel 
as oxalates and addition of electrolytes. 

7. Increase of clay content. 

8. Addition of organic colloids. 


Oy ie eth 


There are certain considerations which should be noted in 
regard to the use of electrolytes. Iron, copper, and chromium 
salts, for example, would be undesirable because of the color 
they would impart to the burned enamel. Sulphates might cause 
blistering. Hydrochloric acid and the chlorides not imparting 
color would be desirable on account of the possibility of their 
forming FeCl, with the iron impurity introduced with the clay 
into the enamel. The FeCl, is volatilized in burning, and a whiter 
enamel results. 

Since, in general, increase of shrinkage in ceramic mixtures 
is indicated by increase of viscosity of the thin aqueous sus- 
pension, the viscosity of nearly all of the mixtures used was 
determined. It was at first intended to use only those enamels 
having highest viscosity, as these would probably have highest 
shrinkage. After the work was under way it was decided to 
apply all enamels to trial pieces. The investigation thus became 
in part a study of the effect of electrolytes on viscosity of the 
enamels, and of the relation of viscosity to shrinkage and ad- 
hesion. 

The enamels were ground wet in ball mills for two hours 
and pa'sed through a 100 mesh screen. The percent of water 
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was determined in a small sample. Enough enamel was weighed 
into each of a series of graduated cylinders to give 50 grams of 
solid material. The electrolytes were introduced and enough 
water was added to bring the total volume to 100 cc. The 
cylinders were then shaken by hand for three minutes each. 


The viscosity of the enamels was next determined by means 
of an Ostwald viscosimeter having an efflux opening of two 
millimeters diameter. The viscosimeter was standardized by 
determining the time of flow of distilled water. Each viscosity 
value is the average of several, usually three, determinations. 
The first tests were made immediately after the addition of elec- 
trolytes, unless otherwise stated. 

The numerical values of relative viscosity range from 1 to 
200. The probable experimental errors in these values as deter- 
mined from variations in results are roughly as follows: 


Relatwe Viscosity. Probable Error 
1 tows sre I percent to 2 percent 
5 to 10 2. Percent tO 10,..Dercent 
10 to 200 IO percent to 20 percent 


The largest errors in the high viscosity values are probably 
due to segregation in the viscosimeter, the solid material set- 
tling to the bottom causing increase in time of flow. 


As shown by Schmidt and Jones,* an error of I or 2 per- 
cent is introduced on account of the comparison of two sub- 
stances (in our case water and slip) having large differences in 
time of flow. The error is eliminated by using several viscosim- 
eters with efflux tubes of increasing diameters and calibrating 
the viscosimeters against each other. 


Schmidt and Jones give the following formula as that or- 
dinarily used in calculating relative viscosity from determinations 
using the Ostwald viscosimeter : 


4 Amer. Cia, phe Vol: 42, 1909, pp. 64 and 65. 
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nN, rit, 
Nz Loto 
Where n= viscosity coefficient, 
r = density, 
t— time of flow. 


The formula used in this investigation is: 


nN, t, 


No te 


In order to obtain the correct viscosity, our results should 
all be multiplied by the density of the enamel slips. The density 
of the mixtures was not determined, but for a fresh slip it was 
calculated to be about 1.25, but this value, in all probability, 
would increase with increasing coagulation. 

Since a study of viscosity was not the main object of the 
work, no special effort was made to eliminate the errors in mix- 
tures of high viscosities. 


After the viscosities had been determined, the enamels were 
brought to a suitable dipping consistency by evaporation or 
dilution and then applied, by dipping or pouring, to stiff-mud 
trial pieces one and one-half inches square. These were air 
dried, and those that had no defects were burned to cone 7 in 
a down-draft oil-kiln. - 


The test pieces had the following compositions: 


I. 100 percent St. Louis fire clay, . 

2. 70 percent’ St. Louis fire clay and 30 percent 20 mesh 
fire brick grog, | 

3. 100 percent Olive Hill plastic fire clay, 

4. 70 percent Olive Hill plastic fire clay and 30 percent 
grog, 7 | 

5. 70 percent Pennsylvania fire clay and 30 percent grog, 

6. 70 percent Bloomingdale stoneware clay and 30 percent 


grog, 
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7. < 99 percent “1 empletonp Pas fire clays and s0rpercent 
grog. ) 

Every defect of fit was carefully noted. All the results 
cannot be given, but a few are shown on the viscosity diagrams 
by the following abbreviations placed along the curves: 


Fo = Enamel flaked, extending over edge of trial pieces, 
or buckled, indicating too small shrinkage of the 
enamel. | 

== Enamel flaked with same shrinkage as trial piece. 

Enamel cracked and flaked. Impossible to determine 
relative shrinkage. 

Enamel had sufficient adhesion and proper shrinkage. 

Slight defects in some cases. 


| 


F 
G 
G 


| 


The following are the formule of some of the enamels 
used ; their maturing range is from cone 7 to cone 9: 


Enamel 25. Containing 25 percent of raw clay. 


ST Oat) 

35 Ga 22 SOs O)s 

120 teak) PASO: | La 5n@: 

725.20) 

Batch Weights 

Brandywine Summit teldspar..<.c.0.. 55-8 
AVdeihe araaver owes smens, o£ Suede tat aes tae 2500 
Barium>carbonate <u ie. ee 39.4 
SINC OX1dG = 5 on ee ere ee ee eee 28.4 
OhiovS howe flint sms oo ey ee 12722 
Pn OXI rece ee er een eee 18.0 
Pike's No.220 Eines Dalleclay 2 canaries 44.0 
MM. Gi R. Eno vchmaa clave 2. ere 66.0 
MG, Rs Eng: china clay, calemed 3a 25-3 





FITTING ENAMELS TO PLASTIC CLAY BODIES 145 


Enamel 35. Containing 35 percent of raw clay. 





do Ca® ; 
ao Om AO: ee ae 
535°Zn© ‘ 
Batch Weights 

NUP NR ode oa sles 9 ea ran TnL Raa a 40.0 
Parinmimedt DOMALeS ae. er tce evtoats aes oes 49.3 
PARR OMNI C Ree Ne Pe ee kw AE 8 28.4 
Ome OUT LIG g sree teian wishes Fost at [51.2 
“UCI CBSI VG GRA, gin SES sn boca Pa ara 18.0 
pce cmNoOeco tne. ball clay hos) 6% 45.0 
NoeGekinomecita clay... se. OU 119.0 
450.9 


Enamel Ox-25. Containing 25 percent of raw clay. 


BlOpin ©) 

25 CaO) 3.80 SiO, 

etl Oa eee { .12 SnO, 

aan. 

Batch Weights 

Brandywine Summit feldspar......... pipes) 
alee llat em, nercte edits eer eietee od 44.8 
erm ALAC ete th ese os 9 Ecce 45.0 
7 GMOCAL ALON rene 2 hsv ts tah a Baa, 
Ohio gspnoureatint wena ts lel, las Re os b272 
RT POs Ge erates tive pitts tbe ayes 5 18.0 
PikeeaNa. 20. no.balluclay is 01.46. 48.0 
VitGaeobinos chingsclaycwers 2 Joes i: 720 
M AG. Reine ‘china clay scalcined’ .:... ; 16.2 
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RESULTS 


Precipitation of Colloidal Silicates in the Enamel. So- 
dium silicate solution was first added to the wet enamels and 
then magnesium chloride solution in the proportion of 65 per- 
cent sodium silicate to 35 percent magnesium chloride by weight. 
This ratio was chosen, because out of nine mixtures, it gave the 
largest amount of precipitate of magnesium silicate. 


The samé process was carried out using sodium silicate and 
aluminium chloride, the same percentages as above being em- 
ployed. 

The viscosity curves are shown in Fig. 1. Decrease of vis- 
cosity occurred at first, probably because of excess of sodium sili- 
cate. With larger amounts of reagent, viscosity increased. 
When applied to trial pieces, the enamels had too little shrinkage 
and flaked off in drying. 


Coagulation by Means of Salts. The salts used were: 
CaCl, ZnCl, MgSO, -petassiumealum, GSO AL(5@))= 24 
H,O], AL(SQ,)., AlCl, suGl. “These tumisn upivalenieot 2 
lent, trivalent, and quadrivalent cations. By use of these com- 
pounds the effect of valence on the viscosity of the enamels was 
observed. 

The theoretical viscosity curves for addition of electrolytes 
to clay slips are shown in Fig. 2. They are based on considera- 
tions found in Freundlich’s “Kapillarchemie”’. The character of 
these curves would lead us to expect maximum and minimum 
points in viscosity curves for enamels, although deviations would 
probably occur because of the various chemical reactions in the 
complex mixture, | 

Viscosity curves for additions of salts, Fig. 3, do show the 
existence of these maximum and minimum points. All of the 
samples stood 24 hours before being tested. It is noted that the 
bivalent ions from MgSO, and CaCl, gave the least increase in 
viscosity, the trivalent ion from Al,(SO,),, AlCl, or alum gave 
greater viscosity, while the quadrivalent ion from SnCl, gave the 
greatest viscosity. ZnCl, is an exception to the rule, ranking 
with trivalent and quadrivalent ions. In this case, however, the 
high viscosity may be due to a Sorel cement reaction between 
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ZnCl, and the ZnO of the enamel. Although this reaction might 
increase viscosity, it did not cause the enamel to adhere to the 
body, as all enamels flaked or cracked on the trial pieces. The 
remaining salts gave no better results. 

Coagulation by Means of Acids. The acids employed 
were hydrochloric, oxalic, and boric. After being shaken, the 
wet enamels gave alkaline reaction toward litmus, indicating that 
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the acids had been neutralized by the bases in the enamel. How- 
ever, hydrochloric acid caused the enamel to be twenty times as 
viscous as the original sample, oxalic acid caused it to be four 
times as viscous, and boric acid caused it to be only slightly more 
viscous. } 


The increase may be due in part to the products of the re- 
action between the acids and bases. From the use of hydro- 
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chloric acid would result chlorides and carbonic acid. It was 
determined that calcium chloride alone in amounts up to 3 per- 
cent had very little effect on the viscosity of the enamel and that 
zinc chloride greatly increased viscosity. Ashley gives barium 
chloride as a coagulator of clay suspensions.® A part of the in- 
crease is probably due to hydrogen ion being taken up and re- 
tained by the clay, causing coagulation. 

When the enamels to which acid had been added were dried 
on test pieces they flaked and cracked badly so that it could 
not be determined whether shrinkage was correct or not. The 
results are shown in Fig. 4. 

Coagulation by Means of Alkaline Substances. The 
theoretical viscosity curve for additions of alkaline substances 
to clay has been given (Fig. 2.) Similarly if amount A of alkali 
were added to an enamel, viscosity might be greater than that 
of the original. 

The alkaline substances used were sodium carbonate and 
borax. The viscosity curves are shown in Fig. 5. It is noted 
that the amount of reagent required to produce coagulation 
would be too great for practical use of the method. None of 
the enamels had sufficient shrinkage or adhesion, and all flaked 
Ot the trial pieces. 

Precipitation of Colloidal Silicic Acid in the Enamel. 
Colloidal silicic acid was precipitated in the enamel by first adding 
sodium silicate solution and then introducing hydrochloric acid 
or oxalic acid. <A solution of sodium silicate (90 grams of 
Na,O.2.5 SiO, per liter) was mixed with a solution of hydro- 
chloric acid (18.2 grams per liter) in various proportions. That 
mixture containing 80 percent of sodium silicate set in three 
minutes to a jelly, a shorter time than that required for any 
other percentages. Hence this proportion was used for addition 
to the enamel. 

The same procedure was followed using sodium silicate and 
oxalic acid, the strength of each solution being 90 grams per 
liter. The mixture containing 80 percent by weight of sodium 
silicate set at once, and in one hour the 70 percent mixture set. 
The former proportion was employed. 


5U. S. Bur. Stand. Bull. 23, p. 74. 
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Two of the viscosity curves for additions of silicic acid are 
shown in Fig. 6. With additions of reagent up to I or 2 percent 
there was a decrease in viscosity due probably to the excess 
sodium silicate and to the sodium salts formed by the reaction, 
the mixture added being alkaline to litmus. With larger amounts 
of reagents, the silicic acid increased the viscosity, overcoming 
the effect of the deflocculating salts. At about 4 or 5 percent 
the enamels thickened greatly, some setting to a jelly. When 
hydrochloric acid was employed as the precipitating agent, the 
enamels flaked with all amounts, indicating too little shrinkage 
and adhesion. When oxalic acid was used, shrinkage and ad- 
hesion were good with 4, 5, and 6 percent of reagent. 

When the foregoing method is used there are likely to be 
present in the enamel sodium oxalate and an excess of sodium 
silicate, both of which decrease viscosity. Silicic acid, which 
had been washed by decantation to remove these salts, was added 
to another series of enamels, but flaking and cracking resulted 
with all amounts used. 

In connection with this method Mr. Stull has suggested the 
following possible procedure in the manufacture of enamel brick: 
Just enough sodium silicate is added to the enamel to give min- 
imum viscosity. The minimum amount of water is then neces- 
sary for grinding and screening. The enamel is placed in a 
blunger and more sodium silicate and enough oxalic acid are 
added to thicken the enamel sufficiently for application. This 
eliminates filter-pressing and repugging. 

This scheme was attempted in the laboratory, but the enamel 
cracked because of too high shrinkage. The amounts of reagent 
used were large, 4 percent sodium silicate and I percent oxalic 
acid, because these amounts seemed to be necessary to obtain 
adhesion. 

There seems to be no reason, however, why the method may 
not be employed with an enamel or slip that already has perfect 
fit, since the amounts of reagent could be kept below I percent. 

Introduction of Calcium, Barium, and Zinc, in the Enamel 
as Oxalates and Addition of Electrolytes. Addition of these 
elements as oxalates instead of carbonates, it was hoped, would 
eliminate chemical reactions due to the alkaline nature of water 
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in contact with carbonates. The enamel prepared in this manner 
gave an acid reaction with litmus owing to hydrolysis of the 
slightly soluble oxalates with formation of oxalic acid. This 
enamel, with no electrolytes added, had a relative viscosity twice 
that of the enamel containing the carbonates. 


The oxalate enamel was treated with the following reagents 
in the same manner as the carbonate enamel: oxalic acid, so- 
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dium silicate, hydrochloric acid, sodium silicate and hydrochloric 
acid, sodium silicate and oxalic acid. 


The viscosity curves are shown in Fig. 7. They require no 
detailed discussion. The oxalate enamels adhered to the trial 
pieces, on drying, much better than did the carbonate enamels 
and gave a much larger percentage of perfect trial pieces. Fig. 
8 shows the viscosity curve for oxalic acid in enamel Ox. 15. 
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This curve aD DsaeS closely the theoretical curve shown in 
Fig. 2. 

Increase of Clay Content. All of the results reported 
under other methods were obtained with an enamel containing 
25 percent of raw clay.’ However, many of the series of deter- 
minations were duplicated with enamels containing I 15 percent 
and 35 percent. 


The results in the latter cases were little different from those 
obtained with the former except in one instance, that of addi- 
tions of sodium silicate and oxalic acid in the 35 percent raw 
clay enamel. This enamel containing 3, 4, and 5 percent of re- 
agent gave perfect fit on St. Louis and Olive Hill clay and grog 
bodies, while the 15 percent and 25 percent raw clay enamels 
with the same reagents gave a smaller number of good trial 
pieces. 


Addition of Verein Colloids. The organic colloids used 
were starch, gum tragacanth, and glue. 


A known weight of starch was boiled with water to a paste 
and added to a large batch of enamel; the mixture was ground 
in a ball mill. A series of enamels was prepared by blending 
this and the original enamel. No viscosity determinations were 
made as it was believed that this factor would increase approxi- 
mately in direct proportion to the amounts of starch contained. 
The enamels were applied in a pasty condition. 


Additions of one percent starch produced adherence with 
the Templeton and Bloomingdale bodies, but three percent was 
required for the St. Louis body. The trial pieces were burned 
to cone 7% and all the coatings held well. The enamel, which 
was thick enough to hide the body completely, was not very 
smooth, but this could be remedied by change in composition or 
temperature of burning. 


A gum tragacanth series was prepared in the same manner. 
Amounts of 0.3 to 0.5 percent produced adequate adhesion in 
drying, and the trials withstood the fire without flaking or crawl- 
ing even though they were placed on edge during burning. The 
indications were that amounts of 0.8 percent or more were to ae 
avoided. FOLD 
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Liquid glue was diluted with water, and enough of this 
solution was added to enamels to bring in amounts of from I to 
6 percent of the original. The mixtures were very sticky and 
were applied thickly. On all pieces the enamel coating flaked 
off without cracking. The flaked piece was hard and longer 
than the dried body showing too little shrinkage in the enamel. 

Time Effect. A number of investigators have observed 
that the viscosity of some wet ceramic mixtures, to which elec- 
trolytes have been added, changes with time thus destroying 
their usefulness. Hence, in the present investigation considerable 
attention was paid to the time effect of reagents and in some 
of the series, viscosity tests of the same enamels were made 
every day for one or two weeks. Some of the effects observed 
using enamel 25 were as follows: 

(1) Additions of SnCl,: viscosity increased with time with 
all amounts, the larger the amount used the greater the increase. 
Total time of test, 120 hours. 

(2) Additions of MgSO,: all amounts of electrolyte gave 
increase in viscosity up to 24 hours after which they gave de- 
crease in viscosity. The changes were not great, varying from 
1.1 to 1.6. Forty grams of solid material were used in the tests 
imstead of 50 grams. Total time, 735 hours: 

(3) Additions of alum: amounts of I percent and higher 
effected very great increase in viscosity with time, all samples 
being too thick to flow after 144 hours.. Samples containing less 
than I percent changed very little with time. 
| (4) Additions of sodium silicate and oxalic acid: amounts 

up to 3 or 4 percent showed little change with time, 5 and 6 
percent caused the enamel to pass from a state of thin suspen- 
sion to a jelly in 24 hours. 

(5) Additions of sodium silicate and hydrochloric acid: 
amounts up to I and 2 percent produced little change with time; 
3 to 6 percent gave continuous decrease in viscosity with time. 
Total time, 48 hours. 

(6) Additions of AICl,: amounts up to 0.06 percent pro- 
duced little change in viscosity with time. Percentages from 
0.08 to 2 gave great increase in 24 hours, but after two weeks, 
viscosity decreased approaching the original values. 
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(7) Additions of HCl: Amounts up to 0.1 percent gave 
little change in viscosity with increasing time: 0.1 percent to 1.5 
percent gave decrease in viscosity with time. Duration of test, 
48 hours. 


(8) Additions of oxalic acid: All amounts gave consider- 
able increase of viscosity in 24 hours. 


(9) Additions of washed silicic acid: Amounts from 0.1 
to 0.7 percent gave no change in viscosity with time, 0.8 to I.0 
percent gave considerable increase after ten days. 


From these results it is seen that no general rule can be 
stated in regard to time effect in the enamel used. 


If it were known which constituents of the enamel cause the 
time effect, they might be replaced by other forms of the sub- 
stances. This was determined by making viscosity tests of 
aqueous suspensions of each enamel constituent with no elec- 
trolyte and with 3 percent potash alum. The determinations 
were made at intervals for a period of two weeks. Mixtures of 
25 grams of solid per 100 cc. of suspension gave too small changes 
to afford good comparative results. Mixtures containing 30 g. 
solid per 100 cc. gave comparative results which are shown in 
Fig. 9. Mixtures containing 50 g. solid per 100 cc. gave only 
partially comparative results since some of them were too thick 
to flow at the start and were diluted. Changes in the 30 g. mix- 
tures are comparable with those containing 40 to 50 grams, the 
curves in the two series being approximately parallel. 


From Fig. 9 it is seen that the viscosity of the following 
mixtures changed very little with time: 


English ball clay, 

English china clay, 

English china clay with alum, 
Whiting (CaCO,), 

Whiting with alum, 

Tin oxide (SnO,) with alum, 
Flint (SiO, as ground quartz), 
Flint with alum, 

Potash feldspar, 
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Potash feldspar with alum, 
Enamel 25, 
Barium carbonate (BaCO,) with alum. 


_ The viscosity of the following mixtures increased greatly 
with time, some thickening sooner than others: 


Zine oxide (ZnO) with alum, 
Zinc oxide, 

Tin oxide (SnQ,), 

English ball clay with alum, 
Enamel 25 with alum, 

Barium carbonate (BaCO,). 
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It is evident that change in chemical form of constituents 
to prevent change of viscosity with time would be difficult if 
not impossible. The enamel should be used before the change 
takes place. | 

It is beyond the scope of this paper to attempt to explain 
in detail the results shown in Fig. 9. A few points may be 
noticed in passing. The changes in viscosity are due to the slow 
speed of some chemical reactions. We note that ZnO, SnO,, 
or BaCO, thicken although no electrolyte is added, but when 
mixed with ‘the other constituents in the enamel, their effect is 
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neutralized, and no change occurs in the viscosity of the enamel. 
SnO, thickens alone, but addition of alum entirely neutralizes 
the high viscosity. This is true also of BaCO,. It is possible 
that SnO, dissolves slightly forming stannous hydroxide, 
Ssn(OH),. If the SnO, particles possessed positive electric 
charges, the negative charges from OH ions from Sn(OH), 
would neutralize the charges on the particles causing coagulation. 
Addition of alum would give an excess of H ions which would 
neutralize the OH ions and repel the SnO, particles causing de- 
flocculation and decrease viscosity. 

BaCO, is slightly soluble in water with alkaline reaction. 
If the BaCO, particles possessed positive electric charges, these 
would be neutralized by the negative charges on the OH ions 
causing coagulation and increase in viscosity. Addition of the 
acidic alum solution would neutralize this effect. 

ZnO probably dissolves slightly forming H,ZnO,, which ion- 
izes more as an acid than as a base. If the ZnO particles pos- 
sessed negative electrical charges, these would be neutralized by 
the charges on the H ions from the H,ZnO, causing coagulation 
and increase in viscosity. On addition of alum the H ion con- 
centration would be increased and viscosity increased. 

Explanations of single reactions, however, will not solve the 
problem of the equilibria involved in the enamel slip. When 
the seven or eight enamel constituents are mixed with water and 
alum added, there may be a hundred reactions gradually pro- 
ceeding to a condition of equilibrium. The above possible ex- 
planations are given more for the purpose of arousing discus- 
sion on the subject than with the idea that they would aid in 
solving the problem of the cause of time effect. 


SUMMARY. 


Method 1. Precipitation of colloidal silicates in the enamel. 
This method was not successful. The magnesium and aluminium 
silicates gave increase in viscosity, but gave no bond, owing to 
the fact that these silicates dry to impalpable powders, weaken- 
ing the natural clay bond by dilution. 

Method 2. Coagulation by means of salts. This method 
gave no Satisfactory results. The salts used, Al,(SO,),, AlCl,, 
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ZnCl,, CaCl,, SnCl,, MgSO,, and alum, increased viscosity to 
a greater or less degree but did not afford adhesive power. 

Method 3. Coagulation by means of acids. The results 
were practically the same as those obtained with salts. The acids 
used were HCl, H,BO,, and H,C,Q,. 

Method 4. Coagulation by means of alkaline substances. 
Borax and Na,CO,, known to increase adhesion of glazes and 
slips to bodies with little or no shrinkage, did not improve the 
fitting qualities of the enamels used. Shrinkage of the enamel 
was too small and flaking resulted. | 

Method 5. Precipitation of colloidal silicic acid in the 
enamel. This method gave more promising results than previous 
methods. Enamels containing 25 percent and 35 percent raw 
clay, and treated with 3 to 5 percent of sodium silicate and 1 to 
2 percent of oxalic acid fitted the stiff-mud bodies well. The 
adjustment of shrinkage of enamels thus treated must be made 
accurately, perhaps too accurately for application in many cases. 
What is required is a range rather than a point of adaptability 
of enamel to body. 

It is possible that the proportion of electrolytes used, (80 
percent sodium silicate and 20 percent acid) is not best suited 
for the purpose, even though the mixture solidified more quickly 
than any other. Silicic acid from any of the mixtures would 
set when the enamel dried. The properties of shrinkage and ad- 
hesion would be dependent upon the amount of excess sodium 
silicate or of acid. | 

Washed silicic acid was of no value in producing adhesion, 
hence it is possible that in the use of this method, adhesion is 
produced by means of the salts present, while the shrinkage is 
due to the silicic acid. | 

Method 6. Introduction of calcium, barium, and zine in 
the enamel as oxalates, and addition of electrolytes. This method 
in general gave a larger percentage of perfect trial pieces with 
all chemicals tried than did methods using enamels containing 
calcium and barium as carbonates and zinc as the oxide. The 
adhesion afforded by the oxalates may be due to crystallization. 
The present price of these oxalates, however, would probably 
prevent their use in such amounts as required in the enamel. 
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Method 7. Increase of raw clay content. Increasing the 
raw clay content from 15 percent to 35 percent gave better fitting 
enamels in only one case, that of the addition of sodium silicate 
and oxalic acid. This however, might be used to advantage in 
some instances. 


Method 8. Addition of organic collooids. This method was 
the only one found to be readily applicable in practice. The 
addition of starch paste or gum tragacanth to the enamel gives 
the much desired range of fit to bodies of different composition 
and shrinkage; even this method, however, is not of universal 
application. 


Treatment of body. Another method should be mentioned, 
that of decreasing shrinkage of the clay body by addition of grog 
or of electrolytes. Although not attempted in this investigation, 
there seems to be no reason why the method should not aid in 
fitting enamels to stiff-mud bodies. 


Time effect. Change in viscosity with time is due to slow 
rate of chemical reactions in the enamel slip. The specific 
causes of time effect were not determined and no general rules 
regarding time effect in the enamel used can be stated. 


The time effect was determined for the enamel using differ- 
ent electrolytes, and for each enamel constituent with 3 percent 
potash alum and also with no electrolyte. 


GENERAL CONCLUSIONS 


Ashley® has discussed the regulation of glazes and engobes 
by control of the colloidal materials. The results of the present 
investigation show that the regulation referred to is not so easy 
of accomplishment as his statements indicate; in fact it is very 


difficult. 


Ashley” states that coagulated gels act as adhesives. This 
statement should be modified. Coagulated gels very probably do 
act as adhesives, but if there is a difference of shrinkage between 
the glaze and the body, the glaze will flake off in drying despite 
its adhesive power. 


6 Bull. 28, U. S. Bur. Stand., pp. 102-108. 
7 Ibid., p. 103. 
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In general, shrinkage of the enamel increases with increase 
of viscosity, but there are many exceptions due to chemical re- 
actions in the complex mixture. Viscosity of the enamel gives 
no indication of adhesive power. 

The results indicate that adhesion is governed in some cases 
by other than a colloidal or sticky condition of the enamel: per- 
haps by crystallization of the substances added or of products 
of reactions. 

The two properties of the enamel, shrinkage and adhesion, 
are not well understood and will not be until we study them more 
thoroughly from a physical-chemical standpoint. 

Of all substances used, starch and gum tragacanth were most 
effective in producing perfect fit between enamel and body both 
in drying and burning. The sodium silicate-oxalic acid additions 
also gave very promising results. 

In conclusion, the writers wish to acknowledge their in- 
debtedness to Mr. R. T. Stull, who gave many valuable sug- 
gestions during the entire course of the investigation. 
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Non plastic clay is an ingredient of a great many of our 
cruder and heavier clay wares, such as furnace refractories, 
glass house and gas house refractories, tanks and retorts for 
metallurgical distillation processes, terra cotta, saggers, etc. This 
nonplastic clay may be ground and used in the mix in the raw 
state; it may be calcined and then crushed, or, if a clay of some 
plasticity is used, it may be ground, shaped into blocks by the 
mud process, burned and then crushed. 


The principal reason for calcining a clay is to effect the 
greater part of its shrinkage before it is made up into the per- 
manent shape. Incidentally the mechanical and chemical water 
is eliminated and the carbonaceous matter is oxidized. The pur- 
poses of a non-plastic clay or a grog in a refractory body are 
two-fold, — first, to increase the refractoriness of the ware by 
forming a skeleton, which may remain erect even after the bond 
clay begins to soften; second, to produce a‘less dense body and 
thereby reduce the chance of damage on account of temperature 
changes. 


In general the finer the ingredients of a body and the more 
homogeneous the mixture, the less refractory will it be, while on 
the other hand, the coarser the nonplastic clay in a body (keep- 
ing within practical limits) the more refractory will it be. 


It is common practice at some fire brick factories to crush 
the bats and culls for use as grog, instead of using flint clay or 
plastic clay that has been calcined to a high temperature. Even 
supposing that the bats contain the standard proportions of plastic 
and flint or nonplastic clay, if they are crushed and used in a new 
mix, being added as so much percent by weight of flint or non- 
plastic clay, it is evident that there will be an excess of bond clay 
with the result that the ware will not be so refractory. 


(165) 
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In parts of this country, it has become a feature of the reg- 
ular business of some factories to produce what are called ‘dobies.’ 
These dobies or blocks are about 4 in. by Io in. by 10 in. and are 
made usually on an auger machine from thorougnly weathered 
plastic fire clay, which has been run thru a dry pan having screen 
slots varying from Yzin. to 5/16 in. wide. They are usually 
burned in round downdraft kilns from 28 feet to 36 feet in diam- 
eter, altho they may be burned between the bags in a kiln of reg- 
ular ware. 

In one section in the Middle West, where the clay is very 
plastic, difficulty is experienced in thoroughly oxidizing these 
dobies, and for this reason two oxidizing temperatures are made 
use’ Ot; the first one at«1100° F., held for 3 to 5 days, and the 
second at 1500° F., held 2 to 4 days, followed by the finishing 
temperature, held 20 to 4o hours, making the total time required 
to burn, 10 to 15 days. The temperature variations in the kiln 
are from cone 6 near the kiln wall, head-high, to cone 4 in the 
center of the kiln near the floor. The coal consumption is from 
28 to 80 pounds per 100 pounds of burned dobies. The selling 
price of the dobies is $3.50 to $4.50 per ton. 

The dobies are used as a non-plastic or grog and must, of 
course, be reground. The question naturally arises, cannot a 
fireclay be calcined just as it comes from the pit or mine, without 
going through a preliminary process of grinding and forming? 
Also, cannot some continuous process of burning be devised, 
whereby greater fuel economy may be had? 

Another method, but without the grinding and forming, is 
being pursued in the calcining of flint clays at a number of fac- 
tories in Ohio, Pennsylvania and Kentucky, where down-draft 
periodic kilns are used. The larger pieces of clay are selected for 
calcining, and the setting is carefully done, especially around the 
floor openings, so as to leave ample draft spaces. While a satis- 
factory quality of calcine may be secured by this method, and the 
preliminary grinding and forming is eliminated, yet it is far from 
economical. Care has to be taken in the setting or filling of the 
kiln; emptying is laborious, and it is quite a task to clean the 
kiln bottom after the burn. Furthermore, the operation of burn- 
ing is periodic, and therefore loss of fuel is considerable. The 
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cost of calcining by this method is said to be $1.50 to $1.60 per 
ton of calcine. If the raw clay costs $1.00 per ton, mined, this 
would give a total cost of production of $2.60 to $2.75 per ton 
of calcine. 


An analysis, from the physical structure standpoint of a clay 
calcined before grinding and of one calcined after grinding, will 
show some differences. If the clay is calcined before grinding, 
it will “crackle” to a greater or less degree, shrinkage cracks will 
show up in all directions and structurally, so far as the original 
lump is concerned, it is ready to fall to pieces. The small layers 
or plates and slivers, which remain intact, are very hard and 
brittle, and crushing, which is easily accomplished, results in the 
production of sound, angular, sharp-cornered fragments, which 
afford an excellent surface for the adhering of the bond clay. 


On the other hand, when grinding the raw clay, the tendency 
is to produce rounded fragments, which are still further rounded 
and worn away in passing through the tempering mill and the 
auger machine. Upon crushing the burned grog, we find the 
grains to consist of a number of more or less rounded grains 
of smaller size, cemented or bonded together to a questionable 
degree and comparatively unsound. 


At various places over the country are seen vertical shaft 
kilns. Some were intended to operate continuously, while others 
are merely up-draft periodic kilns. In the St. Louis, district are 
some shaft kilns of this latter type. Figure 1 illustrates one of 
these kilns. It has an inside diameter of 15 feet and will hold 
about 50 tons of clay. It has one charging door at the level of 
the trestle, two drawing doors at the bottom, six grate bar fur- 
naces, 24 in. wide by 30 in. long, and is burned off in about 10 
days. In charging this kiln, the lower part is first lined with old 
railroad ties or other heavy timbers, the lower end resting on the 
kiln floor near the center and the upper ends resting against the 
wall above the furnaces. The clay is then charged in from above, 
filling the remaining interior. In this way the furnaces have a 
free space into which to send their flame and gases, although later 
they are probably more or less choked by the clay when it drops 
to the floor after the timbers are consumed. No temperature 
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measurements are taken, the aim being to secure as high a tem- 
perature as possible. 

In view of the increasing need of conservation of our fuel 
supply and reduction of manufacturing costs, the continuously 
operated kiln with its preheating and regenerative features is 
bound to come into more general use. If-the saving is welcome 
to the manufactureer of clay wares, it should be equally welcome 
in the preliminary heat treatment or calcining of clays. 

The vertical kiln used in our modern lime plants is a fairly 
economical device. The stone is preheated by the escaping com- 
bustion gases, but the heat from the burned lime is not saved as 
it might be, — cold air being used for combustion. 

In the metallurgical industries, we find wonderfully devised 
apparatus for the purpose of roasting ores, etc. These furnaces 
are very economical of fuel, but for a temperature of cone Io or 
thereabouts they would be mechanically unfit. 

For the calcining of clays, we know the Europeans use two 
types of continuously operated vertical kilns —the Etagenofen 
or stage kiln and the Schachtofen or shaft kiln. 

In the earlier efforts at Portland cement manufacture in ane 
country, the Dietzsch kiln was used. This was of the Etagenofen 
type and usually consisted of two vertical shafts with offsets or 
shelves midway between the charging opening, which was near 
the top and the drawing opening near the bottom. Figure z 
shows this type of kiln, part in section and part in elevation. The 
raw material is charged in through opening A and fills the upper 
leg of the shaft X. Fuel is fed into the opening B on top of the 
hot material in the lower leg Y, space Z serving as a combustion 
chamber. As the material at the bottom of the lower leg of the 
shaft cools. it is drawn through opening C. The material at the 
bottom of the upper leg:is then worked with an iron rod over into 
the space in the top of the lower leg. Fuel is dropped in at B 
and another charge of material put in at A. The air for combus- 
tion in passing up through the lower leg becomes very hot by the © 
time the combustion chamber is reached and the combustion 
gases rising through the upper leg, preheat the newly charged 
material. Thus we have regenerative and preheating benefits 
and great fuel economy. The disadvantage of such a kiln, how- 


172 METHODS OF CALCINING CLAY FOR GROG 























ition, 4h 


METHODS OF CALCINING CLAY FOR GROG 10 


ever, lies in the hand labor of working all of the material across 
the bottom of the combustion chamber to the top of the lower 
leg, where the temperature is intense. 

In the vertical shaft kiln, Figure 3, with proper shaping of 
the interior (larger toward the furnaces) and with a material, 
which does not become sticky upon heating, there should be no 
difficulty in the natural progress of the charge from the top to 
the drawing doors. It would seem, therefore, that this kiln, 
burned with producer gas or with attached furnaces operated 
as producers, and having all the economy features of the Etagen- 
ofen, should be the kiln best adapted to the calcining of clays. 
It is believed that this notion is prevalent with a great many engi- 
neers, who have had no actual experience with such a method 
of calcining. The writer has advocated such a kiln, but upon 
entering into-a recent investigation of present-day methods of 
calcining clay in this country, was much surprised in being able to 
locate only one firm calcining clay in a vertical shaft kiln oper- 
ated continuously; and the statement from this firm was to the 
effect that they did not consider the method satisfactory and in- 
tended discontinuing it. 

The great barrier to the use of this type of kiln is the diffi- 
culty of maintaining a draft by natural means through the shaft 
of clay, and although it has been tried in a number of different 
places, it has been given up as impracticable. The desired tem- 
perature in some cases could be reached in time, but the daily 
capacity was so small and the annoyance and uncertainty of 
results so great that less economical methods were reverted 
to in order to secure the desired output. 

One of the most recent attempts to calcine plastic clay in a 
kiln of this kind with natural draft was made in the kiln shown 
in Figure 4. The steel shell is an old oil tank with a steel stack 
riveted to the top and a ¥% in. steel plate discharge cone with 
sliding gates riveted to the bottom. The shell is, of course, lined 
with fire brick, the inside diameter being about 5 feet. There 
are four furnaces, each about 20 inches wide by 5 feet long. Sev- 
eral attempts at calcining were made with this kiln, but each was 
a failure. While the clay did not slake or crackle badly, yet the 
fire would not penetrate the charge more than 18 inches toward 
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the center and not more than 24 inches above the furnace throat. 
As the kiln was charged with clay from above, the draft became 
weaker and further progress ceased. 

The scheme shown in Figure 5 was next resorted to. A and 
B are two perforated walls, resting on the arch C. Clay was 
charged down the spaces X and X. Space Y, which is rectan- 
gular in plan, served as a chimney. The furnace gases can go 
either up through the clay or, if there is too much resistance, they 
can pass through the perforations into the chimney Y. So far 
as draft was concerned, success seemed sure, but when they came 
to draw the calcined clay from the narrow spaces X and X, they 
met defeat. i 

The owner now proposes to build a circular muffle within 
this kiln, as shown in Figure 6. The clay will be charged in at 
the top and will descend through the shaft X. The furnace gases 
will pass into the annular space Y and either rise to the top or 
pass through the perforations into the clay and then rise. Re- 
gardless of which course the gases take in passing upward, they 
must, before leaving the kiln, pass through the clay at Z, the 
thickness of which can be adjusted so as not to choke the draft 
too much, but at the same time, permit considerable heat to be 
extracted from the combustion gases passing through. 

One of the oldest factories in the East is using two contin- 
uously operated shaft kilns for calcining flint clay of the Mercer 
Horizon. The kilns (Figure 7) are about 6 feet inside diameter, 
and the height from the floor to the bottom of the chimney is 
about 21 feet. With a maximum temperature of cone 7, it re- 
quire about 3 days for the clay to pass through. The capacity of 
each kiln is 4 to 5 tons of calcine per 24 hours, and the coal con- 
sumption is 650 pounds per ton of calcine. One day-man and 
one night-man do all the work in connection with both kilns. If 
only the large lumps that come from the mine were used, a larger 
capacity could probably be secured, but as run-of-mine clay is 
used, there are not enough flue spaces to permit of rapid firing. 

Choking of the draft spaces, due to the crackling and com- 
pacting of the clay charge, appears to be the great obstacle to the 
success of this type of kiln. There would be little question as to 
economy, if the firing could be carried on as rapidly as desired. 
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While rapid firing is practically impossible with natural draft, 
mechanical draft could be resorted to. The furnaces could be 
operated as pressure producers, with steam jets underneath the 
grate bars. A small centrifugal blower at the bottom could be 
used to blow air up through the calcined clay. When this highly 
heated air reaches the combustible gases from the furnaces, per- 
fect combustion would result in close contact with the clay, — the 
hot products of combustion passing up would heat the clay above. 
As air forced in from below might produce a back pressure on 
the furnaces, it would be better if the air circulation or draft 
could be effected by an exhaust fan drawing from the top of the 
kiln. With this arrangement there would be no pressure to re- 
tard the flow of gases from the furnaces, although the cost of 
construction would be greater. 


Even were we able to burn quickly in this continuously 
operated shaft kiln and do so with economy of fuel, there is one 
point that cannot be lost sight of. Practically all fire clays, 
whether plastic or flint, contain more or less carbonaceous matter, 
which must be removed by oxidation. This process of oxidation 
requires time, and the larger the lumps of clay, the longer will be 
the time required. 


Assuming a vertical shaft kiln with an inside diameter of 6 
feet and with the zone of high fire extending from the furnace 
level to a point 10 feet above, and supposing that the clay requires 
48 hours for thorough oxidation, we could figure on a capacity 
of about 9 tons of calcine per 24 hours. If 72 hours is required 
for oxidation, the capacity would be only about 6 tons. 


Calcining in the rotary cement kiln has been suggested as a 
feasible method, with the argument that the clay could be crushed 
to pass, say a I in. mesh screen, and thus require a much 
shorter time for oxidation. There would probably be no diff- 
culty in securing a sufficiently high temperature, but the great 
cost of the equipment would probably not be justified under 
present conditions of demand for this material. A rotary kiln 
150 feet long, erected complete with lining and chimney, but 
without feeding device or discharge conveying system, will cost 
- about $15,000. 


178 METHODS OF CALCINING CLAY FOR GROG 


TRANS. 09. CLA 306 VOL.AVU FIG. 7 HARIOP 
i/ Y 






j 


Wa 


7 | | 













METHODS OF CALCINING CLAY FOR GROG elo 


The writer had the opportunity recently to examine draw- 
ings covering a kiln for calcining plastic clays, in which the idea 
of the continuous chamber brick kiln was followed. There were 
two rows of comparatively small chambers. These chambers 
were to be charged through a hole in the crown, the clay falling 
onto the floor, which sloped toward the drawing door. Oil was 
to be used as fuel and this was arranged to drop into combustion 
compartments in the partition walls. The direction of the draft 
was to be horizontal, and the full continuous principle of burning 
was to be employed, with the attending fuel economy. In order 
to get the heat out of a mass of clay quickly, air must be per- 
mitted to circulate through it. If we are to heat up a mass of 
clay quickly, the combustion gases must be able to flow through 
it readily. Therefore, in order that this kiln operate econom- 
ically, it would be essential that the air for combustion and the 
combustion gases pass through from six to eight chambers. The 
writer does not consider this practicable with ordinary pressures. 


THE INFLUENCE OF VARIATIONS IN WATER ADDI- 
TION, LIME ADDITION AND TEMPERATURE 
IN THE SETTING OF PLASTER OF PARIS 


BY C. H. KERR AND R. J. MONTGOMERY, FARENTUM, PA. 


In the factory manipulation of plaster of Paris the best plas- 
ter may be rendered useless by improper handling, and con- 
versely the most advantageous conditions must be determined and 
adhered to if the best results are to be obtained. It is a matter 
of common knowledge that, after setting has started, further agi- 
tation or disturbance of the plaster is very detrimental, if not 
fatal, to proper setting. Nevertheless, this 1s a very common 
cause of failure of plaster. The manufacturers of plaster are 
constantly being called upon to correct troubles with their prod- 
ucts, when investigation shows the cause of the trouble to be 
agitation after setting has started. Certain other causes of vari- 
ation that have received less attention are here discussed. There 
is very wide room for experimentation on many phases of vari- 
ations in setting, due to variation in conditions surrounding the 
use of plaster. 

In the present report only a summarized presentation of the 
data is made. The curves given cover a wide range of data on 
commercial plasters. varying in purity from approximately 100 
percent gypsum in the original rock down to about 70 percent 
gypsum. It has been found that the same general effects are pro- 
duced with the impure as with the pure plasters. These data have 
all been assembled and expressed as simply as possible, basing 
results as far as possible on percentage effects, rather than on 
absolute numerical data. The mass of figures from which these 
curves are derived would lead only to confusion if given in full, 
and the percentage change in results shows much more clearly the 
nature of the effect. 
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VARIATIONS IN LIME ADDITIONS 


In many uses of plaster of Paris it is customary to add 
hydrated lime. In some cases freshly burned quick lime is slaked 
with water, and the slaked lime added to the plaster while still 
warm. It is more common, however, to add the commercially 
hydrated lime. The quantity added varies with the nature of the 
application, but is usually from 4 or 5 to 20 percent. In Figures 
I, 2 and 3 are shown respectively the effects of variation in lime 
addition on: 


Consistency — Figure 1. 
Time of set — Figure 2. 
Tensile strength — Figure 3. 
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The data, as has been previously ‘stated, are compilations of 
percentage effects on many different plasters and different limes. 
The nature of the effect with all the different kinds of plasters 
and limes has been found to be the same, the differences being 
only in the absolute values of the results. 

In the limes, there has been found to be substantially no 
difference between practically pure calcium hydrated lime and 
magnesium limes with MgO up to 20 percent; no hydrated limes 
with over 20 percent MgO have been studied. So far as has 
been covered in this work, the physical results produced seem to 
be largely independent of the chemical composition of the lime. 

Consistency-Lime Relation. The curve in Figure 1 shows 
that the amount of water that must be added to the plaster or 
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plaster-lime mixture, to give a standard consistency, increases in 
direct proportion to the amount of hydrated lime added. Each 
I percent lime addition increases the necessary amount of mixing 
water to give standard consistency by about 1 percent. The con- 
sistency figure referred to is determined by us as the number of 
cubic centimeters of water per 100 grams of plaster or plaster- 
lime mixture which will give a mixture just thin enough to flow 
10 inches down a right-angled, copper-lined trough inclined at 
30° from the horizontal. For a description of methods of testing 
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see paper elsewhere in this volume entitled “Factory Methods for 
the Testing of Plaster of Paris.” 

Time of Set-Lime Relation, Experimental results with dif- 
ferent plasters and limes show the effect on the time of set of 
variations in the amount of lime hydrate added. These results 
expressed on a percentage basis are shown in Figure 2. The 
first additions increase the time of set proportionately more than 
further additions. With 5 percent lime, the time of set is in-. 
creased almost 40 percent, with Io percent lime a little over 60 
percent and with 20 percent lime about 80 percent. 
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Tensile Strength-Lime Relation. In Figure 3 is shown the 
general effect of lime additions on the tensile strength after one 
and twenty-four hours’ standing. A peculiar phenomenon is here 
observed. The first additions increase the strength to a maximum 
at about 2 to 4 percent lime hydrate content. Further additions 
decrease the tensile strength, the additional decrease being less 
with each subsequent addition. With 10 percent lime hydrate in 
the mixture, the strength is a little over 60 percent of maximum 


TRANS. At. CER, SOC. VOL. XVI VAG. HERR & MONTGOMERY 


8 


S 


EFFECT OF LIME ADOITIONS 
ON TENSILE STRENGTH 


AELATVE TENSILE STRENGTH — PLACENT 


20 





/O 
LIME HY OAATE — EA CENT 


- strength; with 20 percent lime hydrate, about 4o percent of the 
maximum strength. 

Temperature Lime Relation. The retarding effect of 
lime hydrate additions is shown in Figure 2—the time of set 
curve. In the temperature curve, or heat evolution curve the cor- 
responding retarding effect is found, but the amount of heat 
evolved is exactly proportional to the amount of active plaster 
present, the lime exerting no effect beyond its action as a dilutent 
and as a retarder. 
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VARIATIONS IN WATER ADDITIONS 


One of the very common causes of trouble in plaster appli- 
cation is the use of a wrong amount of water in approximately 
constant quantity, or a still more common phase of the trouble is 
a variation in the amount of water used. The importance of 
proper regulation of water content is seldom recognized. 

The curves shown in Figure 4 and 5 are composite curves 
expressed on a percentage basis, the data, as previously, being 
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taken from a very large number of tests on many different plas- 
ters of varying purity. 


Time of Set-Water Relation. Figure 4 shows the enormous 
effect of water addition upon the time of set. The 100 percent 
water figure represents standard consistency; that is, the number 
of cubic centimeters of water which must be added to 100 grams 
of plaster to give a mixture just thin-enough to run 10 inches 
down a right-angled, copper-lined trough, inclined at an angle 
of 30° from the horizontal. Very slight changes in the water 
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content at or below this standard consistency figure considerably 
affect the time of set. If the water is decreased to about 75 per- 
cent of the standard consistency (a very thick cream), the time 
of set is only about 4o percent of that required at standard con- 
sistency. This part of the curve varies considerably with different 
plasters, but in all cases the effects are tremendous. With water 
additions above standard consistency, each increase in water in- 
creases the time of set, the proportionate effect lessening with 
each subsequent adition of water, until at 200 percent or twice the 
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quantity of water required for standard consistency, the time of 
set has increased about 8o percent. 

Tensile Strength-Water Relation. Basing these data on 
100 percent strength with 100 percent representing the amount of 
water required for standard consistency, Figure 5 shows the de- 
crease in strength with increase in water. From about 30 percent 
greater than normal strength with 75 percent of the consistency 
water, the strength decreases to about 65 percent of normal when 
the water is about twice that required for standard consistency. 
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Temperature Curve-Water Relation. In Figure 4 is shown 
the effect of water additions on the time of set. In taking tem- 
perature curves, this same retarding effect of increase in water 
is of course observed in the curve; beyond this retading effect, 
and a corresponding effect on the temperature increase of the 
increased quantity of water present, it is found that variations in 
water condition do not affect the temperature curve. The total 
heat evolved is the same, and if calculations are made of the heat 
required to raise the temperature of the particular quantity of 
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water used, it will be found that the total heat is independent of 
the water addition. This makes it possible to calculate evolution 
of heat to a standard basis regardless of the amount of water 
‘used. 
VARIATIONS IN TEMPERATURE 

In certain special applications when the temperature of the 
room or a special receptacle is not approximately atmospheric, it 
becomes essential to consider the effect of the surrounding tem- 
perature on the setting. The curve in Fig. 6 shows this relation 
on a tensile strength basis, this curve like the preceding ones 
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being a composite one including many determinations on 
different plasters. With increase in room temperature above 24° 
C., the tensile strength of the set plaster decreases with each in- 
crease in temperature until at go° C. (the highest temperature 
here considered) the strength is reduced to about 4o percent. 


SUMMARY 


The addition of hydrated lime to plaster shows the follow- 
ing effects: 

1. The amount of mixing water required to give standard 
consistency increases in direct proportion to the amount of lime 
hydrate added, each one percent increasing the amount of water 
by one percent. 

2. The.time of set is increased. 

3. The tensile strength is increased somewhat with small 
additions to a maximum at about two to four percent lime hydrate 
but is greatly decreased with larger additions. 

Variations in mixing water added showed the following 
effects. 

I. The time of set is increased with each increase in water. 

2. The strength is decreased with each increase in water. 

The higher the temperature of the air surrounding the set- 
ting plaster, the lower is the strength of the resulting product. 


METHODS FOR THE FACTORY TESTING OF 
PLASTER OF PARIS 


BY R. J. MONTGOMERY AND C. H. KERR, TARENTUM, PA. 


In this paper we shall deal only with the commercial testing 
of plaster of Paris shipments with the view of arriving at a deci- 
sion as to the nature of the tests to be applied and the details of 
manipulation in the respective tests. No attempt is to be made 
to classify plasters or to correlate methods of manufacture with 
resulting physical properties. | 

In ordinary consideration of plaster the time of set and ten- 
sile strength are most commonly referred to, and in very many 
cases no other physical properties are considered. These two 
tests are usually of comparatively little value in testing commer- 
cial shipments (especially the tensile strength test), unless con- 
sidered in connection with other data. Of the many kinds of 
tests that might be made, the temperature curve during setting 
is probably the most important and most promising. 

Briefly the tests to be considered and the methods are as 
follows: 

Chemical Analysis. The methods of analysis are the ordi- 
nary methods of analytical chemistry. Moisture is commonly 
determined at 80° C. and combined water at 220° C. The chemical 
composition is of little or no value in comparing various ship- 
ments of a given plaster. Determinations of water content are 
usually misleading, since they show variations in atmospheric 
conditions and in conditions of exposure more than variations in 
original materials or in methods of manufacture. Frequently the 
water determination is nothing more nor less than a determina- 
tion of the age of the plaster. 

Consistency. The amount of water that must be mixed 
with plaster to give a body of the correct working consistency is 
of considerable importance in judging the nature of a plaster. 
This may be determined as the amount of water (in cubic centi- 
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meters per 100 grams) that must be added to the plaster to give 
a mix that will just pour smoothly from a cup. But a better 
method is to determine the amount of water (in cubic centimeters 
per 100 grams) to be added to the plaster to give a mix of such 
viscosity that it will flow just 10 inches down a copper-lined 
through inclined at an angle of 30° from the horizontal. The 
consistency figure is of considerable value both in comparing 
different plasters and in checking the uniformity of a single 
product. 

Start of Set. This has not often been determined though 
it is of great importance. It is an empirical and not an absolute 
point, but it is satisfactory, in commercial testing, to consider the 
start of set as that point at which the mixed plaster has just begun 
to be rigid, and a convenient method of determining it is to take 
the time at which the mix will just support an ordinary 12 inch 
chemical thermometer inclined at an angle of about 15° from the 
vertical. This start of set test is convenient when made on the 
same sample as the temperature curve. Two hundred grams of 
plaster and 150 cubic centimeters of water are mixed vigorously 
with a spatula for one minute and then poured into a paraffined 
paper cup. The thermometer is immersed to a constant depth 
of 134 inches and held in the fingers inclined at 15° from the ver- 
tical. A little skill is necessary in making the test, but it soon 
becomes possible with very few trials to judge when the setting 
is just sufficient to support the thermometer and prevent its tip- 
ping over. The test is of prime importance since it is a well 
established fact that plaster is easily “killed” by continuing the 
mixing or working after setting has started. 

Time of Set. The time of set has been determined by 
thumb nail indentation, lifting from a glass surface, etc., 
but the best method is some modification of the penetration 
needle, and a very satisfactory test is to determine the time which 
must elapse during the setting before the plaster is sufficiently 
hard to bear the weight of 2% pounds on a needle 1/16 inch 
square at the point without breaking the surface further than to 
leave a clear impression of the square point. In making this test, 
100 grams of plaster and an amount of water corresponding to 
the consistency figure determined as described previously, are 
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mixed vigorously for one minute and poured into any convenient 
mold to form a slab about 34 to 1 inch thick. The top is then 
struck off quickly with a spatula. While this time of set test is 
of undoubted importance in many applications of plaster as show- 
ing the time range for proper working, the test must not be con- 
sidered the most important one, and too much faith must not be 
placed in conclusions drawn from uniformity or lack of uniform- 
ity in time of set. 

Temperature Curve. The method of making a tempera- 
ture curve is one that invites much discussion. One satisfactory 
method is to mix 200 grams of plaster with 150 cubic centimeters 
of water and read the temperature changes.by a thermometer im- 
mersed in the mix. The plaster and water are mixed vigorously 
for one minute and quickly poured into a paraffined paper cup, a 
cup being discarded with each test, thus saving the cleaning up 
of dishes. A regular 12 inch chemical thermometer is immersed 
134 inches and held in the fingers inclined at an angle of about 
15° degrees from the vertical. Start of set is noted as described 
previously. From time of pouring of the plaster mix, one minute 
more is allowed (making two minutes from the time the mixing 
started) before the first temperature reading is made, and this is 
noted as the two minute point on the temperature curve. Tem- 
perature readings are then made every minute until the maximum 
temperature has passed. The original temperature is taken as 
the average of the temperature of water and plaster, both being 
kept in the working room some hours before testing, and the 
difference in temperature should never exceed 2° C. Of all the 
many tests that have been suggested and tried in plaster testing, 
the temperature curve determination is the most important and 
the one that offers the greatest promise of future usefulness. 
It is not unlikely that, with some further developments in our 
testing methods, it will be found quite satisfactory in many appli- 
cations of plaster to confine the testing to the temperature curve 
only, reading from this curve the various data regarding rate and 
time of setting and judging from this curve also the character of 
the plaster as regards comparative strength and general proper- 
ties. The temperature curve is of the utmost value in determin- 
ing the regularity or uniformity of current shipments. 
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Tensile Strength. As in cement work, the tensile strength 
is determined on figure-8-shaped specimens after 1, 7 and 28 
days and occasionally after periods of a few hours only. The 
tensile strength tests are usually of little or no value and in most 
testing work they may be omitted without loss. 

Modulus of Rupture. Transverse breaks give more reli- 
able and better data than tensile strength tests, and when strength 
tests are desired this is to be preferred. In most applications all 
strength tests may safely be omitted, because other tests give 
much more accurate and reliable clues as to the nature of any 
variations in plaster. y 

Sieve Test. Dry sieve tests should be made to show the 
residue on 100-mesh for in practically all uses the fineness is im- 
portant. 

Specific Gravity. Determinations of specific gravity have 
sometimes been recommended, but this has not been found to 
disclose information of any great value in the testing of plasters. 

Circumstances muSt govern the choice of tests but for regular 
commercial testing of plaster shipments the tests to be selected 
will usually be, 


Temperature curve during settting, 
Start of Set, 

Time of set, 

Consistency, 

Sieve test, 


with the possibility frequently of narrowing this down to the 
temperature curve and sieve test only. 


METHODS OF MAKING THERMAL CONDUCTIVITY 
TESTS, AND THE TRANSMISSION OF HEAT 
THROUGH BRICKS 


BY, ROY+A,> HORNEING; 


There are several methods of making heat transmission tests 
on brick or any material, but owing to our limited time it will 
be necessary to only discuss the most important ones. Nearly 
all methods of determining the thermal conductivity or heat trans- 
mission are based upon modifications of two methods the hot 
air box method and the hot plate method. We shall take up first 
the hot air box method. 

Hot Air Box Method. This method consists of building a 
box three or four feet square and as deep, and enclosing in it a 
heating coil and a fan to circulate the heated air. See Figure 1. 
In the interior of the box are placed two thermometer bulbs, one 
placed one inch away from the surface, and the other placed on 
the inside surface. Two are placed on the exterior of the box, 
one on the outside surface and one in the outside room, one inch 
away from the surface. These thermometers are arranged so 
that they may be read without entering the test room. This is 
accomplished by means of telescopes. The box is built on sup- 
ports so that the air may circulate on all sides, also in the test 
room is placed a fan to promote outside circulation. 

After making proper electrical connections, the current sup- 
plying the fans and coil is turned on, and 48 hours allowed to 
elapse so as to bring conditions to an equilibrium, thereby insuring 
uniform transmission of heat through the box on all sides. When 
conditions become constant, readings are taken every I0 minutes 
over a period of two or three hours. 


The following data are taken: 


The amperage of coil and fan. 
The voltage of coil and fan. 
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The inside air temperature. 

The outside air temperature. 

The inside surface temperature. 
The outside surface temperature. 
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At the end of two or three hours, as the case may be, the 
average of the foregoing data is computed and from this data 
is calculated the transmission in B. T. U.’s, per square foot of 
area, per ° F. difference in temperature per 24 hours. The fol- 
lowing formula is used. 
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1 volt X I amp. = rwatt. 
I watt flowing one hour = 3.416 B. T. U.’s. 
Letting FA — amperage of fan, 
FY — voltage of fan, 
CA = anipetave of coll: 
_CV = voltage of coil, 
we have the watts supplied per hour: 
CBX BIC) Cid CA); 
ord: Byia swe have | 
[CEA eT LOA OCT ona 3 LO. 
Letting D = difference in temperature, 
letting 4A — mean area in square feet, then 


the heat.transmitted per 24 hours per square foot, per ° F. differ- 
ence in temperature 


=(FA>S< FV) + (CA SCCY )-B- 416 % 2a © 








Doxsd 


This transmission thus calculated can be reduced to the 
standard thickness of one inch by simply multiplying by the aver- 
age thickness, since the amount of heat that will be transmitted 
is inversely proportional to the thickness, the material being 
homogeneous. . 

The transmission may be calculated on either the difference 

in temperature of the surface or the difference in temperature 
of the air. This should be specified. 
The method just described must be modified for use at tem- 
peratures above 300° F. For temperatures exceeding 300° F., 
better results can be obtained by using a cylinder 8 to 10 inches in 
diameter and about 24 inches long. See Figure 2. Inside this 
cylinder is placed an electric coil as shown. The same method 
of running the test is used here as in the formerly described hot 
air box test excepting, of course, that there is no fan used. Ther- 
mocouples are used instead of thermometers. 


Hot Plate Method. Upon a table at least 30 inches square 
is placed a layer of loose asbestos or kieselguhr two inches thick. 
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Upon this is bedded a water plate 20 in. by 20 in. by 1 in., made 
of copper and so constructed that the water enters one corner 
and is made to travel back and forth across the face of the plate, 
leaving at the corner diagonally from the one through which it 
entered. This pan is leveled up, and upon it is placed a layer of 


TRANS. 4 CER. SOC. Vol. XV FIGae. HORNING 


FTCOSIO/ 


VOIINETEr~ & 





Fi oN < Spe athena tae ate eee Ne 
fsa Ae “fe rae se BES ae Ae tae OS SO) AES SS , Be SINS 
ore Ree ae \ 


: LTT : 


ie a5), Tens SS Keata i RSs er REAM. 
















THEI MIOCOUNES 
















» yes Sy ot a 
eis: Boa 





HOT Al? BOX 
* FOR 
HIGH TEMPERATURES 


the material to be tested. A layer of three electric coils is placed 
upon this. The electric coils are 6% in. by 20 in. made from No. 
26 3g-inch nichrome ribbon. Nichrome leads are brazed onto the 
center coil at points which will give the voltage drop through the 
center one-third of its length. The object of this will be explained 
later. The three coils are connected in parallel and are kept 
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apart by means of 2 in. strips of asbestos paper. The junction 
of a thermo-couple is placed in the center of the 20 in. by 20 in. 
area and this is insulated by means of fine silica glass tubing. A 
second layer of the material to be tested, the same thickness as 
the first layer, is placed upon the coils, and upon this is laid a 
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water plate, a duplicate of the first. The whole apparatus is sur- 
rounded by a box at least 8 in. larger than the apparatus. This 
is filled with loose asbestos or kieselguhr, and a 2 in. layer of the 
loose material is placed upon the top of the upper water pan. 
This loose insulation protects the apparatus from any atmospheric 
changes, and also prevents losses by radiation. See Fig. 3. 
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A rheostat is placed in series with the coils, and an ammeter 
is inserted between them. A voltmeter is connected by means of 
a double throw switch so as to read either the voltage drop across 
the three coils, or across the one-third of the center coil. 


The reason for measuring the voltage drop across the center 
one-third of the center coil is to find out how much heat is spent 
on the center one-ninth of the total area. One law of heat 
is “heat flows from the hotter to the colder body.” It can readily 
be seen that the heat generated by the electric coils will flow in 
all directions, especially that generated on the outside edge of 
the coils. There is no way of knowing the amount of heat lost 
through lateral flow, but if the voltage and amperage of this 
small area in the center is known, it can be safely assumed that 
all the heat generated there by this amperage and voltage flows 
directly through the material being tested, since the temperature 
of the center one-ninth and the adjacent material is practically 
the same. 


The following data are taken: 


1. The temperature of the water as it enters plate. 

2. The temperature of the water as it leaves plate. 

The average of I and 2 is taken as the outside temperature 
at the center of the 20 in. by 20 in.-layer of the material under 
test. 

3. Coil temperature (by means of thermo couple, this is 
taken as the inside surface temperature). 

4. Drop in voltage across center one-third of center coil. 

(Total amperage ) 
5. Amperage of center coil = 





3 


Forty-eight hours are allowed to elapse between turning on 
the electric current and the recording of data. The period of 
observations is every five minutes and lasts for two hours. The 
average of the twenty-four readings respectively of the foregoing 
data are used in the calculations. 
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METHOD OF CALCULATION 

1 volt X I ampere —1I wait, 

I watt = 3.416 B: T. U.’s per hour — 81.984 per 24 hours. 

Heat put in during 24 hours = volt X ampere X 24 X 3.416. 

Data taken. (See Figure 3.) 

ET, and ET, = temperature of entering water, 

OT, and OT, = temperature of leaving water, 

LV = voltage drop through three coils, 

CV = voltage drop through 1/3 of center coil, 

CT = temperature of center coil by millivoltmeter, 

Amperage of 3 coils. 

Average of. fi Io aud. O 1.30 f= — tetaperature.on g Orceciae 
of insulation, 

CT = temperature on hot side. 

Difference between CT and average of ET and OT gives differ- 
ence in temperature used in calculation. 

Heat transmitted in B. T. U.’s per 24 hours, per square foot area, 
per inch thickness, per ° F. difference in temperature 


voltage X amperage *& 81.894 & thickness in inches 





° F. diff.in temp. between two sides X area in sq. ft. 


As an example: 
500° F. = diff. in temp. between hot and cold side of material, 
3/in; = thickness, 
,O17 = area insq. ft. 
15 — average voltage, 
IO = average amperage, use 10/3 as average amperage of center 
coil, since coils are in parallel. 


15. >< 10\ Sie 0648 a8 
ah — 39.88 





5OO.X Os01 7x 42 
B. T. U.’s transmitted in 24 hours per square foot of surface per 
inch of thickness per ° F. difference in temperature. 


The curves in Figure 4 show the amount of heat that will 
pass through a square foot of material one inch thick, per degree 
difference in temperature calculated on difference in temperature 
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from 250°. to 1500° FO* Curve No. 1 is of a vitreous brick 
with 5 percent absorption. Curve No. 2 is that of a high grade 
fire brick made from coarse material, and whose absorption is 
Io percent. No. 3 is of a brick of. pure diatomaceous earth. 
No. 4 is of a brick made from diatomaceous earth, clay and 
cork, the cork having been burned out in the process of manu- 
facture. 

Theoretically, bodies of a high specific gravity conduct heat 
more perfectly than bodies of a low specific gravity, so it must 
be concluded from this theory that if the object is to keep heat 
in, it is necessary to utilize bodies of low specific gravity. 

Air is conceded to be a poor conductor of heat, but even at 
very low temperature convection begins, and air loses its ability 
to retard heat flow. On the other hand, however, if the air can 
be prevented from circulating, it remains an excellent non-con- 
ductor even at very high temperatures. It is with this funda- 
mental principle in mind that insulation problems are solved. 

In the case of a vitrified brick we have a very dense body, 
each particle being in close contact with others, and in this case 
the heat travels through the brick by internal conduction. The 
porous brick becomes a poorer conductor, due to the fact that 
the contact hetween particles is poor, allowing the surface resist- 
ance to come into action, in addition to the air contained in the 
minute crevices which can not move. 

The limits to which it is possible to make a porous brick 
leaves a good conductor of heat, when compared with brick made 
from materials containing confined air throughout its mass, as 
does diatomaceous earth. 

Diatomaceous earth consists of the skeletons of prehistoric 
diatoms, which, according to geologists, existed in the Cretaceous 
period. Chemically these diatom skeletons consist almost wholly 
of pure silica, and physically they consist of many microscopic 
air cells, each cell being a heat retarding unit. The use of this 
material, and this is true of all loose materials, is quite limited, 
however, if it is formed into brick or other compact convenient 
shapes, its field as a heat insulator is unlimited. 

Brick made from pure diatomaceous earth are very good 
insulators, but their structural strength is very low. In order to 
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give it this necessary strength, clay must be used as a binder. 
According to theory, however, this would lower its efficiency as a 
heat insulator, but, by experiment, it has been proven that it is 
quite practical to add, not only clay, but some combustible mate- 
rial such as cork that will be burned out in the process of manu- 
facture, thus giving the brick, not only structural strength, but 
in addition insulating qualities that far exceed that of pure diato- 
maceous earth. The physical strength obtained in this manner 
is sufficient to permit its use as an integral part of the construction. 

Referring again to curves in Figure 4, it can readily be seen 
that the conductivity per degree Fahrenheit difference in tem- 
perature increases as the difference in temperature increases. 
Taking curve No. 1, the conductivity per degree Fahrenheit differ- 
ence in temperature at 200° F. is but 74 percent that at 1000° F. 
difference in temperature, and 68 percent that at 1500° F. differ- 
ence in temperature. A similar change can be noticed in all 
curves shown. This change in conductivity is due to the change 
of the other physical properties of the body under the influence 
of heat. 

Using the curves in Figure 4, to find the quantity of heat 
in B. T. U.’s that will pass through a wall of known thickness 
over a certain area, with a certain difference in temperature be- 
tween the two sides over a period of twenty-four hours, follow 
the line of temperatures on the lower edge to the difference in 
temperature that exists in this particular case. Where the per- 
pendicular passing through this point intersects the conductivity 
curve for the material in the wall, multiply the corresponding 
figure on the left hand side of the figure by the difference in tem- 
_ perature existing, multiply also by the area, and divide the prod- 
uct by the thickness of the wall in inches. 


Example: 
Wall of vitreous brick, 
1000 sq. ft 
9 inches thick, 
1to00° Fahrenheit difference in temperature. 


Taking curve No. 1 we find that at 1000° Fahrenheit differ- 
ence in temperature that 117 B. T. U.’s are transmitted over each 
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square foot for each degree Fahrenheit difference in temperature 
in 24 hours, the wall being one inch thick. The area of the wall 
is 1000 square feet, its thickness 9 inches, therefore we have 

Dif. in temp. A ECagiiy Ser 


[Iz x -1000 3< 1000 13,000,000 B. T. U.’s heat trans- 
ie mitted in 24 hours over 1000 sq. 
Q in. ft. of 9 inch wall. 


If the same wall were made of brick whose conductivity is 
shown by curve No. 4, under the same conditions the heat trans- 
mitted would be | : 
Dif. in temp. Area in sq. ft. 


20 < 1000 X& 1000 2,225,000 B. T. U.’s. heat. trans- 
oS mitted in 24 hours over 1000 sq. 
Opin ft. of g inch wall. 


Thickness in inches 


or 17.2 percent that of the vitreous brick wall, or in other words 
82.8 percent the heat lost through the vitreous wall is retained by 
the use of brick with lower conductivity. 


FACTORS TO BE CONSIDERED IN PORCELAIN 
INSULATOR DESIGN 


BY J. W. WARD. 


The rapid development.of the modern transmission line with 
its application of high potentials is demanding of the ceramic 
engineer a close study of the problems that must be considered in 
their relation to the class of porcelain that is used for electrical 
purposes. From a technical standpoint it might be said that the 
work seems outside of the range of the ceramic engineer, and 
yet there is a gap that must be closed, and the electrical engineer 
naturally looks to our society to help close this gap. 

There is no item on the transmission line today that calls 
for more attention than the question of insulation, and such a 
large part of it 1s porcelain that the information contained in this 
paper of some of the factors that have to be considered in the 
development of a design will no doubt awaken interest in the 
intricate problems that have to be dealt with. Much progress has 
been made in the past few years, but there are many important 
investigations yet to be made. 

1. The ideal design for a porcelain insulator is one that will 
not fail under extreme operating conditions, and if occasion de- 
mands, the air surrounding the insulator will break down before 
puncturing the porcelain. The first point will be governed by the 
proportions of the mass of material that make up the porcelain, 
so that internal strains will not be set up in the different manu- 
facturing operations. The second point will be governed by the 
dimensions or shape of design, so that the porcelain will resist 
the puncture voltage and at the same time have the required flash- 
over value. 

2. Calculations of design are difficult to make since so many 
variables enter that affect the results. When the porcelain is used, 
or tested under different conditions, there are never definitely 
defined routes of electrostatic flux that one can deal with, how- 
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ever, each part of the design must carry its share of the duty 
imposed upon it so that calculations must be verified by judgment 
of proportions best suited for the design, and experience with 
results along similar lines. 


3. The porcelain design must cover the features that are 
most desirable for the service in which they are to operate. As 
a starting point it must be known what the maximum operating 
voltage will be, the conditions of climate, and where located, 
geographically. The locality in which the porcelain is used will 
govern its application, and then should be a clear understanding 
of these features before a design is recommended for any par- 
ticular locality, for rain, dust, fog, sea coast, and altitude will all 
influence the operation. 


4. The composition of the body that makes up the porce- 
lain should be dense and homogeneous, and free from injurious 
manufacturing defects. The glazed surface should be hard and 
smooth on all surfaces exposed to the weather, and should not 
be affected by sudden changes in temperature over the range of 
atmosphere under which it is operated. It should not be affected 
by nitric acid, nitric oxides, ozone, and it should be moisture 
proof. 


5. Porcelain design can be divided into two classes, single 
or one piece insulators, and multi-part insulators. The first class 
covers those that are made up in one part and is usually limited 
to the lower voltages, except where combinations are made up 
using the porcelain in multiple or series combinations. The second 
class covers multi-part insulators where the design calls for shape 
and size that cannot be manufactured in one piece. They are 
made up in two or more parts and assembled after the firing 
operation. 


6. The voltage rating or the capacity is very largely based 
on the voltage necessary to flash-over the porcelain under storm 
conditions, and the properties that govern these conditions must 
be considered. In actual service the porcelain is subjected to both 
mechanical and electrical stresses, the depreciation due to the 
strains set up by the conductor, and the continual stress set up 
by the voltage of the line. 
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7. A porcelain insulator has an actions very similar to a 
condenser, the effect of capacity plays an-important part in the 
design. The flow of current over the surface of the porcelain is 
the result of capacity, and in order to increase its efficiency, the 
electrostatic capacity must be reduced. 

The increasing or reducing of the capacity of an insulator 
will be governed by the shape of the porcelain, the number of pet- 
ticoats, the flaring of the shells, etc. 

8. To provide reliability against puncture or break down 
in service, the design should provide a safety factor of approx- 
imately 214 to 3 times that of the operating voltage of the line, 
and this is not always governed by an increase in the thickness 
of the porcelain parts, but can be controlled by the shape of de- 
sign, the quality and manipulation of material and the workman- 
ship in manufacturing the porcelain. 3 

g. The American Institute of Electrical Engineers have 
adopted standard values for sparking distances, in effective volts, 
between sharp needle points in air. The following figures have 
been selected from a curve showing the relation between kilo- 
volts in inches. 


Kilovolts Inches Kilovolts Inches 
10 0.47 70 5.85 
20 1.00 80 7.10 
30 12625 90 8.35 
40 2245 100 me S60 
50 S300 150 15.00 
60 4.65 200 20:50 


10. In order to explain how the dry arcing, wet arcing, 
and leakage distances are established, the outlines shown in Fig- 
ures I, 2 and 3 are given and will make these points clear. 


11. Leakage distance is the surface of the porcelain meas- 
ured from the conductor or tie wire to the pin as indicated by the 
path, in inches, shown as A-B in Figure 1. 


12. Dry arcing distance is measured, as indicated in Fig- 
ure 2, by the sum in inches of distances (C or D) + E+ F, the 
distance C or D used depending on which gives the shorter dis- 
tance between the line wire and the lowest edge of the top shell. 
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13. Wet arcing distance is measured as indicated in Figure 
3 by the sum in inches of G+ H-+ J ona 45 degree line from 
the edge of one part to the next piece, and from the edge of the 
center to the center line of a multipart porcelain, and, for actual 
distance, take 1% of the diameter of the pin to be used, measured 
on a line at the bottom of the center, and deduct it from the given 
distance. 


TRANS. Ai CER SOC VOL. XVII 
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14. The wet arcing test is made by producing artificial rain, 
with the nozzles arranged to have the water strike the insulator 
at an angle of 45 degrees to the horizontal, for insulators placed 
in a vertical position, and 45 degrees to the inside of horizontal 
on strain type insulators. The rate of precipitation should be. 
checked by suitable gauges. The specific rain resistance used 
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should correspond to the locality, but should not be less than 
5000 megohms per cu. in. The rate of precipitation should range 
from 0.25 to 0.5 inch per minute. The average water supplies are 
impure, and it is best to use condensed steam, rain water, or 
melted artificial ice. 

15. Arc-over values are governed by the altitude under 
which tests are made and will decrease with increasing altitudes, 
or decreasing barometric pressure, and allowance should be made 
for this condition in calculating or using results from test data. 
The break-down strength of air varies approximately, though 
not exactly, as the barometric pressure. 

16. Design tests should always cover the dry and wet flash- 
over values, and should be obtained as nearly as possible in the 
position that the porcelain will occupy in service. For pin type 
insulators, they should be mounted on a supporting frame of 
metal to represent the cross arm and have a metal rod tied in the 
line wire groove with a piece of bare copper wire to represent 
the tie wire, and suspended from a metal support for suspension 
type insulators, having a clamp on the bottom unit to hold the line 
wire. 

The test voltage is gradually applied between the line wire 
and supporting frame until flash-over occurs. The usual time for 
design tests is one minute; the porcelain should stand without fail- 
ure with not less than a dry flash-over of three times the specified 
line voltage, and a wet flash-over value of twice the line voltage. 

17. Puncture test is made by immersing the assembled 
porcelain parts (or with the meal attachments:) in a good grade 
of transformer oil and applying the voltage equivalent to about 
75 percent of the dry flash-over value to start, with a gradual rise 
of potential until puncture occurs. The value obtained under 
this test should not be less than 135 percent of the dry flash-over 
value of the porcelain under test. 

18. Figure 4 shows an assembled porcelain, three piece 
cemented pin type insulator mounted on the cross arm showing 
the relation of the nozzle for spraying water on the porcelain, 
also the transformer connections. Figure 5 shows an outline of 
the porcelain with the location of the rain gauge for checking 
the rate of precipitation. 
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19. [he mechanical strength features to be considered cover 
tensile, compression, and torsion tests depending upon the appli- 
cation of the design. On pin type insulators, it is customary to 
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mount the porcelain on a rigid pin, and apply the pressure at the 
side tie-wire groove in a perpendicular direction to the vertical 
axis of the porcelain. As a general rule, pin type insulators will 
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stand a pull that will bend any metal pin used for this purpose. 
They:should be tested on the pin.that will be used in service. 

For suspension insulators a tension is applied between the 
metal cap on the top and the connecting bolt on the bottom. On 
interlocking type insulators, a compression test is made by apply- 
ing pressure on the porcelain that separates the cables in practice. 
The torsion test is applied to designs that will be subjected to 
this strain in service, and is accomplished by attaching a cap or 
clamp on the outside shell and a bolt or metal support to the 
center; the pressure is applied to the outside cap or clamp while 
the center is gripped rigidly. This test shows up the strength of 
the material used as a bond in assembling the porcelain parts to- 
gether. 

20. Permanent glaze is a feature in connection with design, 
for which the ceramic engineer must provide. If the expansion 
_ coefficient is very different than the porcelain, it results in crazing 
of the glaze with temperature variations, and accumulations of 
dirt, etc., fill the cracks. A smooth, glossy surface prevents easy 
accumulations of dirt or dust and makes it, possible for rain to 
remove what little may adhere to the surface. 

The action of dirt on the surface of the porcelain will reduce 
the surface resistance and will cause a leakage over this surface. 
The effective leakage distance over the porcelain surface should 
be as great as possible without unduly crowding the parts in mul- 
ti-part insulators. | 

21. The coefficient of expansion of the metal parts used in 
connection with porcelain is no doubt responsible for considerable 
of the trouble experienced in this class of design, though in the 
majority of cases, it may not be possible to trace it directly to this 
cause. The data on the expansion coefficient of porcelain, when 
worked up in the form of a commercial porcelain insulator, brings 
up always the problem of how it is to be obtained. 

The figures generally used for the coefficient of expansion 
of porcelain are from .000,004,5 to .000,006,5 between 20 degrees 
and 250 degrees Centigrade while the figure used for M. I. iron 
1S, 0.000,008,99. | 

22. The sudden variations in temperature to which the por- 
celain is subjected in service has suggested a hot and cold test, 
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especially on designs calling for metal and porcelain combinations. 
This is accomplished by immersing the complete porcelain in boil- 
ing water, then in ice water. After a number of transfers from 
hot to cold water, the porcelain is tested electrically, and this 
will usually show up any faults that are developed by the test. 
To locate strains or cracks that may be developed, a test can be 
made by putting the porcelain in a solution that will penetrate 
the flow and stain the surface, where (when the electrical tests 
are made) one can follow the path of failure. A limit for the 
hot and cold test can be established by using the extreme ranges 
in temperature under which the porcelain will be used. 

23. Dew tests are usually confined to porcelain insulators 
that. are used in tropical countries and is called for on account 
of the rapid temperature changes which cause a heavy dew to 
form on the porcelain. This test is arrived at in a variety of 
ways, the method usually employed is to allow free steam to blow 
on the porcelain until it is covered with moisture. 

24. Simultaneous mechanical and electrical tests consist of 
subjecting the porcelain to a mechanical strain, while at the same 
time under electrical pressure. The test voltage is held constant 
at just under the flash-over voltage, while the mechanical pull on 
the porcelain is started at a point considerably below its breaking 
point and gradually raised in steps of 1000 or 2000 pounds. The 
porcelain should not fail electrically at less than approximately 
2% times the maximum pull that it would be guaranteed for in 
operating conditions. 

25. Compressive strength tests on representative porcelain 
insulator bodies, glazed and unglazed, show that unglazed por- 
celain will stand a higher breaking load than glazed porcelain. 
There are many variables to be watched, if accurate results are 
to be obtained. It is necessary to provide even bearing surfaces, 
and if grinding is resorted to, it must be done carefully or the sur- 
face will have a formation very similar to a glaze, and this will 
cut down the average breaking point. It is a good plan to use a 
thin sheet of some free flowing material such as sheet lead approx. 
imately 1/32 inch thick, which will add slightly to the strength, 
but will furnish a more even bearing surface. 
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26. Porcelain and metal parts assembled together have, as a 
rule, a bond of cement, and experience so far shows that a good 
grade of neat Portland 80 percent cement mixed with 20 percent 
pure water, by weight, gives a good bond material. Careful tests 
on the cement should be made for fineness of grain, specific 
gravity, tensile strength and constancy of volume. Care must be 
exercised in the mixing of cement, and it should be handled care- 
fully to avoid any air bubbles when assembling the parts. Only 
mix as much cement as can be used up in not over 25 minutes. 
It is a good practice to keep the assembled parts in moist air for 
at least 24 hours after cementing, and they should not be sub- 
jected to mechanical tests under 7 or 8 days. 

27. The mechanical loads applied to porcelain in service 
affect the life of the insulator, and have considerable to do with 
its reliability. The mechanical requirements must be considered 
in the porcelain design, as high working loads affect the electrical 
factors of safety to such an extent that the two combined will cut 
down the factors of safety and reduce the dielectric strength of 
the porcelain. 

28. In assembling of porcelain parts with metal parts some 
method should be employed to counter-balance the stresses set 
up by different temperature expansions of the different materials. 
The following are some materials that have been used —a thin 
layer of felt, or paraffine-cork approximately 1/16 in. thick, also 
the use of a thin layer of elastic plastic varnish. These materials 
have enough elasticity to allow for some of the stresses set up by 
the porcelain and metal, and by the swelling of cement. 

29. A critical feature to be watched in design is sharp 
angles, and the number and shape of grooves for cementing of 
the parts together. These points will have a tendency to set up 
strains in manufacturing that are not fully developed and do not 
always show up readily, but when the extreme sudden operating 
stress is applied, due to say, a lightning discharge, there is eventu- 
ally a breakdown of the porcelain that can be traced directly to 
these points. Recent practice has been to allow plenty of radius 
on all angles so as not to set up strains at these points, and to 
eliminate grooves as much as possible, resorting to a sanded sur- 
face for gripping on the bonded material between different parts. 
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The sanding of the surface has the advantage of holding the 
parts together equally well for tests in torsion or tension and 
eliminates the grooves giving additional thickness and dielectric 
strength to the porcelain. 

30. The absorption test of porcelain insulators will show 
up porous material. The class of porcelain which shows high 
absorption, will depreciate very rapidly in service, and soon lose 
its power to resist the electrical pressure applied, due to the 
absorption of moisture which lowers the resistance of the por- 
celain. 

There are several methods used in making this test as called 
for by different purchasers; usually an ink test is specified, but 
this is not very satisfactory. Unless the material is so porous that 
observation would leave no doubt on this point, many conditions 
make it almost impossible to use the ink test as a basis for com- 
parison. It is a hard matter to wash off the surface the colored 
ink used, and when the test piece is broken as a rule, some signs 
of the coloring fluid will be’ found in the fracture, not through 
absorption, but by following the surface in breaking the porcelain. 

A more reliable test is immersion in water for a specified 
length of time. The absorption is calculated on a percentage basis 
of increase in weight. When broken and submerged in water for 
100 hours the porcelain should not absorb more than % of one 
percent of its weight. . 

31. The law of corona must be considered in porcelain de- 
sign as that point at which the air begins to fail as an insulator, 
and the escape of energy through the air begins as corona. The 
porcelain should not show a corona loss at normal operating pres- 
sure. The action of corona is manifested either chemically, me- 
chanically, or by heat. If the corona discharge is only moderate, 
it is accomplished by the production of ozone from the surround- 
‘ing air, and this may cause a sort of a chemical action. If usually 
severe, it may cause a chemical combination of the oxygen, nitro- 
gen, and water vapor of the air. The mechanical action of corona 
seems to be of a bombarding nature, having a tendency, when the 
porcelain is subjected for long periods of time, to drill minute. 
holes in the surface of the porcelain. 


NOTE ON THE DETERMINATION OF SEVERAL 
DISSOCIATION POINTS 


E. T: “MONTGOMERY AND M. M. GROVES, AUDERED, IN. ¥% 


The results here recorded are technologic rather than purely 
scientific and have for their purpose the bringing out of practical 
applications more clearly, if possible. Though the considerations 
of pure science, thus far developed, were kept in mind, it was the 
aim of the writers to avoid the complicated methods necessary, 
when all scientific precautions are observed, and reduce these to 
as near practical conditions as possible, except that very small 
samples were used so that equilibrium could be reached in the 
shortest possible time. To illustrate this point — the true disso- 
ciation point of calcium carbonate is that temperature at which 
the vapor pressure of the CO, present, reaches one atmosphere ; 
or in other words, that temperature at which the carbonate can be 
completely dissociated into CaO and CO, in an atmosphere of 
pure CO, under 760 mm. pressure. Calcium carbonate in most 
ceramic operations does not dissociate under these conditions, 
hence the required temperature will vary considerably from the 
theoretical. 

For all of the work discussed in this paper, the loss in weight 
method was used, the weighing being done directly, without re- 
moving the sample from the furnace. The apparatus used is 
shown in Figure 1 and is almost self explanatory. The furnace 
is of the platinum wire resistance type with a solid bottom. The 
sample is supported in the furnace in a small platinum foil cap- 
sule, one-half inch in diameter, to which a short length of plat- 
inum wire is attached. One pan of the delicate chemical balance 
mounted above the furnace is replaced by a bent and counter- 
balanced steel wire of equal weight. This bend in the wire at the 
point where it passes through the box in which the furnace: is 
located, is for the purpose of avoiding any direct openings from 
the furnace to the balance, through which rising air currents 
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could be carried. The steel wire terminates in a hook from which 
the platinum capsule is suspended. 

The mouth of the furnace was closed with a fired clay plug 
or cover in which there were two openings of considerable size, 
one for the wire supporting the capsule and one for the thermo- 
couple. The junction of the couple was placed near the bottom 
and just outside of the capsule. In none of the experiments was 
the atmosphere inside the furnace changed or conditioned in any 
way. The top was sufficiently open so-that no pressures could 
develop, and enough circulation could take place to keep the at- 
mosphere in the furnace practically the same as that in the room. 
We are now ready to consider the several determinations. 


Dissociation of Calcium Carbonate. The first determina- 
tion is that of the dissociation temperature of CaCO,. Johnson,? 
by the vapor pressure method, plotting a curve, and extrapolating 
on that curve, determined that in the dissociation of CaCO,, the 
CO, pressure reaches one atmosphere at 898° C. By lag curve 
methods, Bleininger and Emley’ at the Pittsburgh laboratory of 
the Bureau of Standards have determined that in 37 samples of 
limestones the dissociation point was clearly indicated at 880° C. 
This temperature has also been checked at Alfred on the same 
type of sample and using the same method. 


Using a powdered sample of Baker’s analyzed, precipitated 
CaCO,, weighing only .1830 gram, in the apparatus just described, 
the writers were able to get a clearly indicated loss in weight at 
620° to 627° C. and holding this temperature, the loss in weight 
was found to be at the rate of 2.35 percent per hour. As it would 
have taken a longer time than could very well be arranged for in 
order to get off the full 44 percent of CO, present even if this rate 
held until the end of the experiment, the temperature was raised 
to 647° C. At this temperature the rate of loss in weight became 
about 4 percent per hour. The sample was now held at this tem- 
perature for 15 hours until a total of 44.00 percent CO, had been 
driven out, and the sample had become constant. in weight as a 
check on the determination. The rate of loss gradually decreased 
to less than 1 percent per hour. Of course, the vapor pressure 








tJ. Johnson, Jour. Am. Chem. Soc., Vol XX XII-8-1910. 
2 Trans. Amer. Cer. Soc., Vol. XIII, p. 618. 
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of the CO, has a definite value at all temperatures, but from the 
nature of the reaction it would seem to be entirely feasible to 
drive off all of the CO, at a temperature as low as 620° to 630° 
C. under the conditions of the experiment within a reasonable 
length of time. In other words, we can look for the active disso- 
ciation of CaCO, to begin at about 620° C. in such ceramic oper- 
ations as the fritting of glazes or the burning of cement. The 
temperature will be considerably higher in lime burning because 
of the size of the lumps of carbonate and the high content of 
CO, gas in the kiln atmosphere. This experiment is, of course, 
not scientifically exact because an atmosphere of pure CO, under 
760 mm. pressure was not maintained in contact with the car- 
bonate. The mean barometric pressure at Alfred is 720 to 740 
mm. Some CO, was, of course, present in the furnace during 
the entire experiment, as there were no currents of air passing 
through the furnace which would carry out the heavy, disso- 
ciated CO, gas. There must, therefore, have been developed a 
pressure of 720 to 740 mm. at 620° to 647° C. in an atmosphere 
containing a small percentage of CO,, while Johnson reports a 
temperature of 898° C., or very near that, as necessary to reach 
this pressure in an atmosphere of pure CQ,. 


A cold junction was not used on the thermocouple in this 
experiment, but all of the temperatures given are the corrected 
temperatures. 

There are many objections to be found with vapor pressure 
methods such as those used by Johnson, Pott and Zavriev. Some 
of these Johnson pointed out, but even-in his more exact appa- 
ratus many faults still remain. One must use small quantities in 
order to get a uniform temperature throughout the sample and 
to avoid errors of temperature measurement. Under such condi- 
tions small amounts of vapor or other impurities capable of 
developing a pressure lead to erroneous results. Also the friction 
of the mercury in the trap and manometer tubes is very great in 
comparison with the small pressure developed from a small sam- 
ple. It is also difficult to know when equilibrium conditions have 
been fully established, as erratic pressures are almost always en- 
countered at unexpected places. It is often a question in working 
with complicated apparatus whether we do not frequently intro- 
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duce greater errors than those we seek to avoid. The senior 
writer contemplates further work on the determination of the true 
dissociation point of CaCO,, using this simple loss in weight 
method by the expedient of enclosing the whole apparatus in a 
gas tight case and’ maintaining in this case an atmosphere of CO, 
at 760 mm. pressure. 


Dissociation of Calcium Hydrate. The second determina- 
tion to be discussed is that of the dissociation or dehydration tem- 
perature of calcium hydrate, Ca(OH),, commercially known as 
hydrated lime. There are no ceramic operations which the writers 
can think of at present in which this reaction takes place, but it 
is of interest nevertheless, and the data may some day be of prac- 
tical as well as of theoretical value. It was a practical consider- 
ation, however, which lead to the study of this compound. The 
phenomenon of “burning” or “scorching” in the slaking of quick 
lime, where a deficiency of water has been used, has not yet been 
explained. This scorched lime is known to form hard lumps, to 
slake very slowly, and is considered by most contractors and other 
users as ruined and valueless. It was thought by the writers that 
the cause of this trouble might be due to the temperature reaching 
the dissociation point of the hydrate, under the conditions which 
cause scorching, thus possibly producing an inert form of the 
hydrate which was chemically and perhaps physically different 
from the rest of the mass. 


This theory proved to be unfounded in fact. At least no evi- 
dence was found to support it in the limited study made of this 
point. It was found that Ca(OH),, dehydrated at 500° C., will 
rehydrate and slake with almost violent rapidity. 


Coming back to the determination of the temperature at 
which this dissociation takes place, R. K. Hursh’, after discussing 
quite fully, the work done by other investigators previous to his 
experiments, states as the result of his work on this compound, 
that two dissociation points were found, one one at 375° C. and 
a second at 580° C. Johnson‘ has found the dissociation pressure 
of Ca(OH), to reach 760 mm. at 547° C. It should be borne in 
mind that this dissociation point must, theoretically, be determined 


2 Trans. Amer. Cer. Soc., Vol. XLV, p,7 792. 
4 Zeitschrift fur Phystkal Chemie, Vol. 62, p. 330. 
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in an atmosphere of pure air, saturated with moisture at the tem- 
perature of the experiment, and under a pressure of 760 mm. 


Making this determination in the apparatus and under the 
conditions previously described, the following results were ob- 
tained. Only one dissociation point was found for the hydrate, 
namely at 430° C. to 439° C. In all of some twelve check deter- 
minations a clearly defined loss in weight occurred at this temper- 
ature, and, by holding the temperature, complete dehydration 
could be accomplished in a reasonable length of time. The disso- 
ciation of the CaCO, present was found to always occur at 617° 
C. on raising the temperature after completing the dehydration 
of the hydrate and obtaining constant weight. 


For these tests, samples were prepared in two different ways 
in order to obtain, if possible, a sample in which the crystalline 
hydrate would predominate and also a sample in which the 
hydrate would be largely amorphous. Sosman’® has shown that 
pure lime, CaO, is obtainable in two forms. The first form which 
results from the dissociation of CaCO, at low temperatures 1s 
very fine grained, porous and probably amorphous. On heating 
this porous lime to higher temperatures, or dissociating CaCO, at 
high temperatures, it gradually changes over to the second form, 
a cubic crystalline lime of refractive index 1.83. Klein® has shown 
that there is both a crystalline and an amorphous form of the 
hydrate. The fine, low burned, amorphous lime tends to produce, 
on hydrating, the amorphous form of the hydrate, while the 
coarser, ee ned lime, produces a pe onee tac of the crys- 
tallized hydrate. 


One sample was prepared by burning a pure white marble 
to 1300° C. and the second by dissociating Baker’s C. P. precip- 
itated=CaGO;z-at-700~ to 740° €: .-The CaQ.-thus-obtained- was 
slaked in an excess of distilled water, and’ the excess H,O ab- 
sorbed in a desiccator. Each sample was finely pulverized for use 
and analyzed for CO,. From this. the percent of CaCO, present 
in the samples was calculated. Through the kindness of the Bu- 
reau of Standards Laboratory at Pittsburg these samples were 
examined eh Mr. A. A. Klein, whose report shows that the object 


. Jour. e Wash. Academy of Sciences, Vol. 5, No. 16, 1915. 
8U. S. Bureau of Stanards, Technical Paper No. 43, pp. 58-60. 
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in view was not attained, but that both’ samples consisted chiefly 
of amorphous hydrate. This report was as follows: “The hy- 
drated lime sample from the low burned lime consisted of amor- 
phous hydroxide with a small amount of crystallized hydroxide * 
and calcium carbonate. The sample of hydrate from the high 
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burned lime consisted mainly of amorphous hydroxide with a 
small amount of crystallized hydroxide, calcium carbonate and a 
trace -of_ free limes: 

Various weights of sample were tried in different determi- 
nations, but a sample weighing about one-half gram was found 
to give the most satisfactory results. In the case of the hydrate 
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from the high-burned lime, a slight and gradual loss in weight 
amounting to about I percent was observed up to a temperature 
of 400° C., at which temperature the weight became constant. 
This was taken to indicate the presence of a small quantity of 
mechanically held water, since either rapid or slow heating up to 
this temperature made no appreciable difference in the loss. There 
was no indication that the hydrate was being dissociated, so the 
weight at 400° C. was taken as the basis for calculating the loss 
of combined water from the hydrate, and CO, from the small 
amount of carbonate present. In the case of the hydrate from: 
the low-burned lime, a slight increase in weight occurred between 
300° and 400° C. due to an absorption of CO, or moisture from 
the air. This gain was subtracted from the weight at 400° C. 


Upon raising the temperature slowly and allowing plenty of 
time to reach equilibrium, the lowest temperature at which disso- 
ciation of the hydrate was indicated was at 430° C. for the hy- 
drate from the low burned lime and at 439° C. for that from the 
high-burned lime. Ca(OH), contains 24.32 percent of water. 
By holding the temperature at the dissociation point, it was pos- 
sible to drive out an amount of H,O equal to 23.5 percent of the 
Gat OH), present in the sample: This is about as close to the 
theoretical as is practically possible. After the sample became 
constant in weight at this temperature, the temperature was grad- 
ually raised until a second loss occurred at 617° C. Holding this 
temperature, a loss occurred approximately equal to the CO, 
present in the sample. No further loss occurred on carrying the 
temperature on up to 1000° C. These results are shown graph- 
ically in the accompanying curve, Figure 2. All of the temper- 
atures given are cold-junction thermocouple readings. The baro- 
metric pressure was between 720 and 740 mm. 

Dissociation of Gypsum. A third dissociation temperature 
studied was that for gypsum, CaSO, .2H,O, the raw material of 
the plaster industry. We have long been told that by heating 
this dihydrate (CaSO, .2H,O) for a considerable length of time 
at 107° C. or a little above, we have formed, the hemihydrate 
(CaSO,.%H,O), commercially known as plaster of Paris, stucco 
plaster, pottery plaster, or dental plaster, depending on the purity 
and fineness. 
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Based on the results of recent experiments, the writers ven- 
ture the statement that there is no such definite compound as the 
so-called hemihydrate, CaSO, . %2H,O. 

Gypsum, CaSO, . 2H,O, contains 20.9 percent of water. The 
sample used in the determination of its dissociation or dehy- 
dration point was prepared by pulverizing pure gypsum crystals 
to pass a 100 mesh sieve and drying the powder in a desiccator. 
A small portion was placed in the capsule and weighed at room 
temperature in the furnace. The weight was .2920 gram. It 
lost nothing in raising the heat to 100° C. At 105° C. a loss in 
weight was noted and holding the temperature constant between 
105° and 107° C. for 4 hours an amount of water was driven off 
equivalent to 20.7 percent of the weight of the sample, thus giving 
a completely dehydrated product at this temperature. After the 
reaction was completed, the weight became constant and no fur- 
ther loss occurred on raising the temperature. These temper- 
atures were measured by means of a thermometer checked by 
calibration in steam over boiling water, the boiling point being 
calculated for the barometric pressure read that day. 


THE INADEQUACY OF STATIC PRESSURE DRAFT 
GAGES 


BY cs Bo HARROP, 


A “good draft,’ as indicated on an ordinary draft gage, 

usually satisfies the clay worker that his chimney is doing satis- 
factorily the work for which it was intended. 

The real work that a chimney is doing, the principles which 
underlie its operation and especially the actual meaning of draft 
gage readings, are understood by comparatively few men. Even 
conceptions of the meaning of the word draft, as applied to 
chimneys, vary considerably, but not in any degree comparable 
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with the variations which are common in the draft readings them- 
selves. 

It is assumed here that the reader understands why hot gases 
rise in a chimney. 

Physics of Gas Flow. Considering the physics of the flow 
of gases through pipes or flues, we find that in order to have a 
flow, we must have a pressure, or head. ‘This total pressure, 
which is responsible for the flow, serves two purposes: First, 
to create the velocity of flow, and second, to maintain this velocity 
of flow against the resistance offered. The pressure serving the 
first purpose is termed the velocity pressure and that serving the 
second is known as the static pressure, the latter, however, is not 
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necessarily the pressure measured by the ordinary or static-pres- 
sure draft gage. 

It is thus seen that at the bottom of a chimney, which is 
operating, we have two separate and distinct pressures, — one 
represented in the moving gases and acting in the direction of 
their flow, greatest in the center and least at the perimeter, and 
another pressure acting in all directions and theoretically equal 
throughout the cross section of the chimney at any particular 
level. 


Total Draft Pressure or Draft Intensity. Another and 
more common expression for the total pressure, as used in con- 
nection with chimneys is draft intensity, which will be found 
greatest at the base, will be reduced to half, midway to the top, 
and at the outlet will fall to zero or will be equal to atmospheric 
pressure. 


CB ite draft intensity may be figured from the following for- 
mula : 


(1) #f=0,i92x H (D—da) 


where F/ = intensity of draft or unbalanced pressure in inches of 
water column. 
D = density or weight of outside air in pounds per cubic 
foot. 
d= density of weight of chimney gases in pounds per 
cubic foot. 
H = height of chimney in feet. 
0.192 = height of water column in inches equal to one pound 
pressure per square foot. 


The density of a gas varies inversely with its absolute tem- 
perature, 
“ 


(2) therefore D=W— X 0.0807. 


-(3) and d=—X 0.085 
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where 7 = absolute temperature at 32° F.= 4g1°. 
r,= absolute temperature of external air. 
r,—= absolute temperature of chimney gases. 
0.0807 = weight of one cubic foot of air and 0.085 = 
weight of average flue gases, both expressed in pounds 








Bie pao ale 
Substituting (2) and (3) in (1), we have 
— 491 491 
(Aj el == Or102 — 11 ( x 0.0807 — x O2085) 
rs is 


If we assume a chimney 50 feet high and the temperature 
of the outside air at 70° F’., the above formula becomes 


AOI 





(5) F=0.718 — 


Vs 


Curve A, Figure 3, shows the variations in draft intensity at 
various intervals above an atmosphere temperature of 70° F. 


Inconsistencies in Static Draft Gage Readings. Let us as- 
sume a chimney with a grate bar furnace built into its base and 
with a temperature of internal gases of 600° F. If fire and ash 
doors are closed, the draft intensity will be say 0.6 inches water 
column. If the ash doors are opened and we consider the friction 
in the chimney as negligible, a velocity pressure of say 0.3 inches 
is developed and we would have a draft reading of 0.6 —0.3 = 
0.3 inches over the grates. Assuming that the chimney tempera- 
ture remains constant and that the fuel bed is made thicker, so 
that it offers 50 percent more resistance to the passage of air, then 
only two-thirds as much air will pass through, and the correspond- 
ing velocity pressure will be two-thirds of 0.3 or 0.2 inches. 
Then the draft reading would be 0.6 —0.2 0.4 inches. 

Thus with the ordinary draft gage we have 0.3 inches draft 
and upon thickening the fuel bed and thereby allowing less air to 
pass through the grates with a corresponding decrease in the rate 
of combustion, the gage reads 0.4 inches, indicating a better draft 
which is entirely erroneous. Of course, the chimney temperature 
may soon fall, as will also the draft gage reading, but the amount 
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of drop in the gage will not correspond to the reduction in velocity 
or volume of gases passing up the chimney. 

On the other hand, suppose that the fuel bed becomes thin- 
ner, the resistance less and the velocity pressure of 0.3 inches 
thereby is increased 331/3 percent. Then the draft reading 
would be 0.6—0.4 = 0.2 inches. Thus our gage shows a re- 
duced draft, while the actual velocity (and therefore volume) of 
gases passing up the chimney has been increased 33 1/3 percent. 

To illustrate further the false ideas regarding draft in kiln 
chimneys, let us assume a kiln with a single flue leading to an 
outside chimney (Fig. 2). There is a vertical damper in the flue 
close to the chimney, and a draft gage is inserted at the grate 
bar level. 

If the resistance is made infinite by closing the top of the 
chimney or by closing the damper at X, the velocity pressure be- 
comes zero and the static draft reading becomes equal to the draft 
intensity or total draft pressure, which will be a maximum in the 
lowest part of the flue system. However, when the furnaces are 
open and the kiln and chimney are operating, only that part of the 
chimney above the grates is effective in producing a velocity. 

In the early part of the burn, the furnaces and damper are 
wide open, in an endeavor to secure a large circulation of air 
through the kiln for the removal of water vapor during water- 
smoking. During the oxidation period the chimney becomes 
well heated, and the total draft pressure, while only moderately 
high, is used largely in producing velocity, leaving a moderate 
draft to be indicated on our gage. BS 

During the vitrification period, when the chimney is very hot 
and its power is maximum, we damper it and close the furnaces 
for heat-soaking: This reduces the velocity pressure and there- 
fore volume of gases going up the chimney, but these gases are 
very hot and maintain the chimney temperature. Thus with a 
decreased chimney velocity, the static gage shows a higher draft. 

In addition to the inconsistencies already described, a very 
great source of error in measuring what is supposed to be draft 
lies in the manner in which the draft tube is inserted into the 
chimney or flue. As the static pressure is assumed to be the same 
throughout the cross section at any level in the chimney, the draft 


228 










ARKO” 


TRANS. Flt, CER. S0C VOL. XVUL 





INADEQUACY OF STATIC PRESSURE DRAFT GAGES 


SAPOGIALLPESTIIVAL SIOVEGCA 


LY LOPS AGO YI SONOS N/ 6F7EL2 SO ALIENTT 
Ss Y . : 


mB RE 
IRR. 
eee bok > pat 


sree ae 

















Ny eine 
COS CERNE 
EEB4ne | 


MIITO? 22LCNM SO €FHON! M ALISNEILM LIVYT 








ae 
ne 


OZ 
fO000 





JOO JOO GOO 


000 







LOO 
LERATULE BETWEEN CHIMINEY GASES AND EXTERNAL 


HE. 477 FOF 


200 
A, 


200 
PECHEES DIF ILAENCE IN TE: 


00 


INADEQUACY OF STATIC PRESSURE DRAFT GAGES 229 


tube may be inserted through the wall into a small pocket in the 
inner brick surface, so as not to be in the direct path of the gases. 
If the end were cut square, the tube could extend into the shaft, 
providing the opening is very small and the tube is placed at right 
angles with the direction of flow of the gases. If in the case of a 
chimney, it is allowed to point slightly downward, the velocity 
pressure will reduce the draft reading to some degree, depending 
upon the angle. If the tube points upward, the rushing of the 
gases past the opening will produce a suction, which will result in 
a larger and false static reading. 

Maximum Weight of Gases Discharged Indicates Max- 
‘imum Draft. As will be noted from curve D, Figure 3, the den- 
sity of chimney gases decreases as the temperature increases. 
Also it will be noted that the draft intensity increases indefinitely 
with the temperature. The products of the intensity and the den- 
sity at corresponding temperatures give a curve C, representing 
the weights of gases discharged. On the assumption that there is 
no resistance offered to the flow of gases, the maximum weight 
of gases discharged occurs at a temperature of about 600° F. 
above atmospheric temperature. 


Not only is the static-pressure draft gage — whether it be 
U-tube, inclined or other differential type — very apt to give in- 
correct static pressure readings, but the measurements which it 
indicates, are not what we actually want. This negative static 
pressure of chimneys, taken at one place only, is of no particular 
value. The thing with which we are concerned in connection with 
draft is the velocity of the gases, and as has been shown above, 
the static draft gage, even if properly applied, takes no account 
of this. On the other hand, it will under certain conditions show 
a low draft when the velocity its high and a high draft when the 
velocity is low. 

If it is desired to determine the velocity of gases at various 
internal temperatures in a chimney 50 feet high and 3 feet square 
inside, atmospheric temperature being 70° F. and the only resist- 
ance offered to the movement of the gases being the friction 
against the inside walls, we can make use of the following 
formule, 
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where V = velocity of chimney gases in feet per minute, 
H = height of chimney in feet, 

g = acceleration due to force of gravity, 

h, = head in feet of chimney gases required to produce the 
velocity V, 

h; = head in feet of chimney gases required to maintain 
the velocity V, 

— head in inches of water required to maintain the ve- 

locity V, 

h, = head in feet of chimney gases required to produce and 
maintain the velocity of V, 

Ss = total square feet of surface in chimney offering re- 
sistance to the flow, 

k = resistance offered by one square foot of chimney sur- 
face to gases flowing at the rate of one foot per min- 
ute, 

a= area of chimney in square feet, 

t, = chimney temperature in degrees F., 

t, — atmospheric temperature in degrees F., 

dy = weight of one cubic foot of water, 
d. = weight of one cubic foot of chimney gases. 


(6) V=b60V2gh, 


(FZ) h,.=h, +h; Or hy =h, — he 
substituting (7) in (6), 





(8) V=60V 2 ¢g (h—/Az) 








HT (t.— to) 
On 
459 + bo 
Wiha’ Ae 
(10) h—=— 
. 5.2a 
hits 
(Al eile 
12d 


substituting value of h from (10) in (11), 
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TN OR A 
(12) he= 
120 a2 0. 


substituting values of h, and ; from (9g) and (12) in (8), 


ue H (te —t,) dy Io V7 
(13) Ge ee 459 + to I2 dg ning 








From this formula we can calculate the velocity of chimney 
gases at various temperatures, as indicated by curve B, Fig. 4. 
The products of the velocity and density at corresponding temper- 
atures give a curve E, representing the weights of gases dis- 
charged against the friction of the chimney. Maximum draft 
by this method of calculation occurs at about 500° F. above at- 
mospheric temperature. 

The scale to which the weight curves C and E are plotted is 
not indicated. et 

A Graphic Study of Draft Pressures. ~Let W represent a 
tank of water with a pipe of uniform diameter connected hori- 
zontally near the bottom, having a valve X near the end. Ver- 
tical pipes A, B and C, open at the top, are connected with the 
horizontal pipe at regular intervals. If the valve is closed, the top 
of the water will stand level in tank and vertical pipes — height h 
representing the head which produces the maximum pressure, 
which will be found in the horizontal pipe. 

If the valve is opened to the full size of the horizontal pipe 
and the height of water in the tank maintained, the heights of 
water in the vertical pipes will assume the positions indicated by 
the inclined line. Under these conditions, we find at y the head 
or total pressure responsible for the flow and which is the sum 
of both velocity pressure V and static pressure S,—the static 
pressure being a measure of the fractional resistance from this 
point to the outlet. At a, we find the same velocity pressure but 
a lower static pressure, because the resistance between this point 
and the outlet is less, 7. e. the static pressure as indicated by the 
height of the water in the several columns becomes less towards 
the outlet, where we find it to be zero. As the velocity pressure is 
uniform throughout the length of the horizontal pipe and the 
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static pressure diminishes towards the outlet, the total pressure 
also diminishes towards the outlet. 


The equation representing the conditions stated above is 
D=V+S 


where D is the total pressure at any point in the horizontal pipe, 
V is the velocity pressure and S the static pressure at the same 
point. 


While it is possible to measure the static pressure in an appa- 
ratus as sketched above, the corresponding static pressure (being 
a part of the total pressure) cannot be measured in a vacuum sys— 
tem such as we have in a chimney. 


Let Figure 6 represent a chimney, containing hot gases at a 
uniform and constant temperature, and let D be the unbalanced 
pressure or draft intensity, as indicated on the draft gage, when 
the bottom is entirely closed by the diaphragm a. If the dia- 
phragm is removed and there exists no frictional resistance, D 
will be converted entirely into velocity pressure and the static 
pressure as indicated on the draft gage will fall to zero. 


If the bottom or the top be constricted to an area of say 2 
square feet, the pressure D will act at the bottom over the two 
square feet of section, producing an upward flow, and the unbal- 
anced weight of this particular column 2 feet square will be nearly 
neutralized, and it will be able by itself to unbalance the draft gage 
only slightly, but the pressure produced by the weight of the gases 
in the interior of the entire chimney, other than this column of 2 
square feet averaged with the pressure of this column will act on 
the draft gage and a smaller reading will be indicated than in the 
first case. 


If we grant that there is frictional resistance against the walls 
of the chimney, and. the bottom is completely opened, the pressure 
D at the bottom will cause a flow up through the center of the 
chimney close to the theoretical velocity, but there will be a cylin- 
drical shell of gases near the wall, which on account of the fric- 
tion against the wall, will be more or less dormant, and the pres- 
sure produced by the weight of this shell of questionable thick- 
ness averaged with the mean pressure in the moving column will 
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act on the draft gage and a much smaller unbalanced condition 
will be noted. It is thus seen that as the volume of gases increases, 
the reading of the static gage decreases and vice versa. 


To cite a more specific case, let us assume a chimney and flue 
(Fig. 7) with a draft intensity of 0.6 inches at the level indicated. 
This means that there exists in the chimney a pressure of 0.6 
inches less than atmospheric pressure, or a negative pressure. If, 
when the chimney is operating, the pressure tending to counter- 
act this at the same level in the chimney are a velocity pressure 
of o.2 inches and an actual static pressure of 0.3 inches (0.1 hav- 
ing been lost in friction), there will remain a negative pressure or 


D eT a 


draft of 0.6 — (0.2 + 0.3) or o.1 inches still indicated on the 
draft gage. It will be noted that frictional resistance prevents the 
total pressure of 0.6 inches from entirely balancing this same 
pressure, which showed negatively when the draft intensity was 
observed. It is evident, therefore, that this 0.1 inch is not the 
real static pressure which maintains the flow, but is an uncounter— 
acted pressure which, 1s a measure of the frictional or other resist- 
arice. The real static pressure, which maintains the flow, can- 
not be measured in an ordinary draft gage against the atmo- 
sphere, as it is produced by and is a part of atmospheric 
pressure. 

Our formula, therefore, covering pressures in a draft system, 
is the following: 

D=V+RS+S 


S being the uncounteracted negative pressure at any point in the 
system, or the draft measured on the ordinary gage. 


If the gases in the chimney in Fig. 8A are constant at tem- 
perature T° and the bottom is closed at n, an unbalanced pressure 
or draft intensity, which we will indicate by the line D, will show 
on the draft gage. If the bottom of the chimney is opened up at 
n, and if we could measure both the velocity pressure V’’ and.the 
real static pressure RS’ (which is necessary to-maintain the ve- 
locity V’ up through the chimney), their sum. will-equal the inten- 
sity D as diagrammed and the draft gage will stand at zero, pro- 
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vided there is no frictional resistance between the opening n and 
the gage. 

If, to the bottom of the chimney, Fig. 8B, is now connected a 
flue of equal area and with a full opening at a, and the pressures 
determined as above, we will find a smaller velocity pressure V 
and a still smaller real static pressure RS, the sum of which, to- 
gether with the gage reading p, will also equal the intensity D. 
This relation is shown on the vertical line. S (the gage reading) 
represents the resistance in the flue up to the gage, and RS repre- 
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sents the resistance offered by the chimney — being smaller in 
this instance than shown in Fig. 8A, because the velocity is less 
and the resistance reduced to a still greater degree, since the re— 
sistance varies as the square of the velocity. 


The volume of gases flowing will be governed by the smallest. 
cross sectional area within the system and the accumulated fric- 
tional resistance — the actual average velocity over the cross sec- 
tion at any point being governed by the relative sectional area at 
that point, while the frictional resistance to be overcome is zero: 


INADEQUACY OF STATIC PRESSURE DRAFT GAGES 237 


at point a and is cumulative through the whole system to the top 
of the chimney. We will find the velocity pressure, (disregarding 
temperature and volume changes) if reduced to the same cross 
sectional area, constant throughout the entire system. 

If the end of the flue is closed at a, the draft intensity will be 
found to be the same at points a, b, g and h. If the flue is com- 
pletely opened at a, the total pressure D, will act over the entire 
opening and will consist of velocity pressure , and real static 
pressure RS,, which pressures will entirely counteract the draft 
intensity at this point, and the draft gage will stand at. zero. How- 
ever, at point b, while the velocity pressure remains constant, the 
total pressure D, and therefore the real static pressure RS), is re- 
duced on account of the friction encountered from points a to b, 
1. e. the total pressure at this point is unable to completely coun- 
teract the draft intensity, and this difference in pressure Sj, or 
the draft pressure as indicated on the gage, is a measure of the 
resistance up to this point. It will be noticed that this difference 
increases as the chimney is approached, where at point h the 
total pressure acting to produce the flow has been reduced to Dg, 
which at this point is largely velocity pressure. S, represents 
the draft gage reading. 

It is thus seen that it is possible to to have draft gage read— 
ings anywhere between zero and the maximum draft intensity, | 
depending upon the point at which the reading is taken and the 
amount of resistance in the system. It also shows clearly another 
thing of even greater importance, namely, that the reading ordi- 
narily obtained with a static draft gage has no direct bearing on 
the velocity, but instead, indicates the resistance offered to the 
flow of the gases. 

It is often stated that the combustion of wood requires but 
little draft, while slack coal requires a high draft, — and these 
are the draft conditions which are usually found by gage read- 
ings in each case. With the above conception of the meaning of 
static draft gage readings, it would be much nearer the truth to 
say that low draft is the result of burning wood and_ high 
draft the result of burning slack coal. 

Fig. 9 is a pressure diagram covering conditions in a 
chimney, flue and kiln. The opening a represents the com- 
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bined grate area of the kiln, b represents the resistance en- 
countered in the kiln and c a damper party closed. The total 
pressure D, per square foot is applied at the grates. The velocity 
pressure )’, as indicated over the area of the chimney, is distrib- 
uted over a much larger area at the grates and therefore is much 
less per unit of area, as indicated by V,. The variations in the 
real static pressure, the velocity pressure and the static gage pres- 
sure, (indicated by the lower, heavier portion of the vertical lines’) 
can be followed throughout the system, as in Fig. 8 B. 

Draft Gage Readings in Continuous Kilns. If a draft of 
0.25 inches is carried on the burning chamber of a continuous 
kiln and one of the cooling chambers 1s cut off, a certain amount 
of resistance will be removed and result in a drop in the static 
gage pressure and a slight increase in the velocity pressure. 

If an additional chamber is put on ahead to water-smoke, 
there will result a drop in the static gage pressure and a decrease 
in the velocity pressure. 

If a cooling chamber is taken off and an extra chamber is 
put on ahead to water-smoke, the static gage pressure will drop, 
and the velocity pressure will remain the same. 

If the fan or chimney draft becomes weak, the static gage 
pressure will drop and the velocity pressure will become less. 
If the fan or chimney draft becomes stronger, the static gage 
pressure will rise, as will also the velocity pressure, although at 
a less rate, since the static gage pressure (and resistance) varies 
as the square of the velocity (cross sectional area of air passages 
remaining the same). This is also true of periodic kilns, where 
the kiln and chimney temperature increase. 

Evidently no definite relation exists between the static gage 
pressures and the velocity of the combustion gases in a continu- 
ous kiln. 

Measurement of the Velocity of Chimney Gases. If we 
had some means of measuring the velocity of chimney gases, we 
would be much more able to understand and control the rate of 
pressure and the velocity of the combustion gases in a contin- 
uous kiln. | 

An instrument known as the Pitot tube, the theory of which 
was explained by Bleininger in Vol. X, Trans. Amer. Cer. Soc., 
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is very serviceable in measuring the velocities of water, steam or 
high velocities of air, but the velocity of chimney gases is so 
comparatively low, that the ordinary variations, unless indicated 
on an exceedingly sensitive gage, would be hardly discernible, — 
the total range during the burning of a kiln, probably falling 
within 5/100 of an inch of water column. Another objection to 
the use of this instrument is the difficulty of determining the 
average reading, especially if the cross sectional shape of the flue 
is not regular. 

Based upon the fact that the resistance offered to the flow 
of a gas varies as the square of its velocity, a comparatively recent 
idea is here suggested for use in measuring draft. A single static 
draft gage and two draft tubes are used, the Jatter being placed 
at fixed intervals in the draft system, between which the resist- 
ances are always the same. The regular connection is made be- 
tween the gage and the draft. tube nearest the stack, while the 
end of the gage usually left open to the atmosphere, is connected 
with the other draft tube. Thus, a differential reading is obtained 
on the gage. If there is no friction in the flue between the tubes, 
the negative static pressure will be the same at both places (if at 
the same level), and the gage will stand at zero. However, as 
there is resistance, the pressures in the two tubes will be different, 
and the gage will stand unbalanced, the gage reading being a 
direct measure of the resistance offered by the flue between the 
two tubes. As the velocity of the gases increases, the friction 
and therefore the gage reading also increases, and as the velocity 
of the gases decreases, there is a decrease in friction and a directly 
proportional decrease in the gage reading. As the velocity bears 
the above mentioned fixed relation to the resistance, it is a simple 
matter to maintain a uniform velocity or to determine the relative 
change in velocity or volume of gases from the change in gage 
reading. 


ALBANY SLIP CLAY 


BY ROBERT W. JONES. 


A clay which will fulfill all of the many requirements of a 
slip is not found in any great abundance or at many localities. 
There are, in the United States, several localities where clay de- 
posits have furnished, or are furnishing, material which has been 
successfully used as a slip for many ceramic products. Such local- 
ities are found in Texas, Michigan and in the Hudson Valley 
of New York State. It is probable that the material shipped from 
the New York localities has had a greater market and a greater 
production than that from any other section. At the present 
time the production, from the Hudson Valley, is being used to a 
great extent in the manufacture of electric insulators, as a bond- 
ing material in the manufacture of abrasive wheels and to some 
extent in the production of ornamental terra-cotta. 

Lately, there has been some discussion concerning the dif- 
ferent grades of slip-clay found in the neighborhood of Albany, 
New York. Some difficulty has been found in securing consecu- 
tive shipments which would give the same results in practice. In 
this article I am attempting to give what facts are known con- 
cerning the geological conditions of deposition of the Albany slip- 
clays, the chemical analyses of material from the various beds, 
the mineralogy and physical structure, the production and methods 
of mining, which facts will show the cause of these irregular 
shipments. 

The clays of the Hudson valley are almost entirely the re- 
sult of glacial action. During the retreat of the great body of 
ice, which at one time covered this portion of the northern hemi- 
sphere, the land stood lower than today, due very likely to the 
weight of the enormous ice-burden. As the ice melted back 
through the present Hudson valley, a “Hudson inlet” of the sea 
took its place reaching eventually clear through to sea-water in 
the St. Lawrence valley near Montreal, and thus becoming a 

(242) 
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“Hudson-Champlain strait.’ Between the Hudson Highlands 
and Glens Falls, this strait had an expansion called “Lake Al- 
bany,” and in the Champlain valley another expansion called 
“Lake Vermont.” 











iDigeie al 


Figure r illustrates four stages in the retreat of the ice sheet 
from its terminal moraine on Long Island. The arrows show 
the direction of flow in the various water bodies and also of the 
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forced drainage along the ice-margin. The maps are much gen- 
eralized, all unimportant details being omitted. 

While these waters were of tide level, they were probably 
quite fresh, as is the tidal Hudson of today. The connection 
with the ocean through the Highlands was narrow, and there 
was a great inflow of fresh waters not only from the melting ice 
but also from the entire Great Lakes system, during the glacial 
blockade of the St. Lawrence outlet, which poured into Lake Al- 
bany at first through the Mohawk valley and later, around the 
north point of the Adirondack mountains and thence by the way 
of Lake Vermont. 

The shore lines of this submergence may now be traced 
northward from New York harbor as a steadily rising plane, indi- 
cating a subsequent uplift that culminated in Canada. The 
amount of this uplift appears to have been over one hundred feet 
at Haverstraw, two hundred and twenty feet at Kingston, three 
hundred feet at Ravena, three hundred and fifty feet at Schenec- 
tady, four hundred and fifty feet at Glens Falls and seven hun- 
dred and forty feet at the Canadian boundary. This land rise 
did not wait for the complete disappearance of the glacier but 
followed its retreat as a wave progressing from the south to 
the north. 

The sources of the materials for the clays and sands are to 
be found, in (a) the direct outwash from the ice itself; (b) fresh 
glacial soils left within the grasp of the forced drainage along 
the ice margin, or of the wave action, or of the normal drainage 
from the surrounding land; and (c) erosion of the bedrock of 
the region by these same three agencies. Deposits from these 
different sources naturally interfinger and overlap. 

For the purpose of this article, we are only concerned with 
that portion of Lake Albany extending from Kingston on the 
south to Troy on the north. This takes in the area of the lake 
at points where it had its greatest width, and where the waters 
were, no doubt, more quiet than in other sections. This portion 
received sediments derived from various sources. The igneous 
and metamorphic rocks of the Adirondack mountains furnished 
a rather small amount, the siliceous rocks of the Rensselaer pla- 
teau a slightly larger amount, the calcareous rocks of the Helder- 
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berg mountains and of the Mohawk valley furnished a great por- 
tion of the bonding material, and the local dark colored shales, 
slates and sandstones of Normanskill age, found so abundantly 
throughout the Hudson valley, furnished the greatest amount of 
material in the form of irregular rounded grains of clear, iron- 
stained and opaque quartz varying in size from .0327 inch to .0003 
inch in diameter. Scattered through the clays are found a few 
undecomposed grains of shale and sandstone. It was formerly 
considered that the blue and gray color of these clay deposits 
was derived from these occasional grains, but, after a microscopic 
examination of many samples, it was found that this color was 
due to a thin film of slightly stained calcium carbonate sur- 
rounding each quartz grain. The map (Fig. 2) gives a general 
outline of the clay deposits formed in this section of the lake. 


The clay deposits of the Hudson valley can be divided into 
four groups denoting that number of eras or conditions of depo- 
sition. They are as follows: 1. glacial water sorted clays of 
dark red or chocolate color, such as are exposed on Staten Island; 
2. the morainal blue sandy clays such as are exposed at Haver- 
straw, Beacon, Dutchess Junction and in the lower beds at Kings- 
ton; 3. the fine grain blue or gray clays of quiet water deposition, 
extending north from Kingston to Troy and included within the 
limits of the accompanying map; 4. the delta deposits found in 
the valleys of the more important tributaries, such as the present 
valley of the Kaaterskill creek, and at several points north of 
Albany (Fig. 3, N.). It is from the clays of the third group that 
the production of slip clay has been made. It is not possible 
to trace a particular bed of any of these groups for a great dis- 
tance without finding a change in color, size of grain or chemical 
composition. This is due mainly to the great number of eastward 
and westward flowing tributary streams, causing a variation in 
deposition and deposits.. As a result of this condition the deposits, 
especially south of Kingston, consist to a great extent of over- 
laping and alternating thin beds of sand and clay. To the north 
of Kingston this condition is not so pronounced, and the beds are | 
fairly regular in color, composition and grain. A good example 
of this alternate bedding is shown in Fig 8, a photograph of an 
exposure of slip clay near Albany 
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During the advance and retreat of the ice-sheet, great masses 
of disintegrated rock were deposited throughout the valley as lat- 
eral and terminal moraines. Within the limits of the map, this 
deposit is always found below the clays with a thickness varying 
from a few inches to several hundred feet or more. One of the 
typical exposures of this morainal material is at North Albany, 
where it has a thickness greater than two hundred feet and 
reaches above the level of the adjacent blue clays. This North 
Albany deposit is well shown in Fig 4, which gives a view along 
a north and south line at its greatest elevation. Below the de- 
posit of sand and gravel (Fig. 3, B.) is found the upturned beds 
of dark colored shales, sandstones and slates of Normanskill age 
(Fig. 3, A.) The morainal materials in many cases formed dams 
or obstructions to the flow of the current, resulting in the forma- 
tion of areas of back-water where only the very finest materials 
were deposited. Such an area with its resulting deposits occurred 
in the vicinity of Albany. 

After the lowering of the water, the clay deposits were left in 
the form of more or less dissected terraces, having in the Albany 
section an elevation of about two hundred feet for the top of the 
blue clay. Figure 5 shows these terraces as exposed along the 
Normanskill creek near Albany, and Fig. 6 gives a view along 
the upper level of, this terrace west of Ravena and -ease-or the 
Helderberg Mountains, which at this locality formed the western 
limit of the lake. Figure 6 gives some idea as to the topography 
of the clay deposits. This terrace has an almost unbroken extent 
of forty miles north and south with a width varying from one- 
quarter to two miles. 

Typical sections of the lake deposits at Albany and 
Ravena are given in Fig. 3,-showing the variation in a dis- 
tance of about twelve miles. The bottom of the blue clay 
is given, for the Albany section, as being at sea-level. This 
is not always the case as a great many locations show a depth 
extending far below sea-level. As mentioned before, (A) 
and (B) represent the upturned Normanskill deposits and 
morainal material respectively. ((C) is a bed of blue clay of 
varying thickness and composition. Generally this clay can 
only be used in the manufacture of soft-mud brick, although 
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hollow blocks, common hollow brick and drain tile have been 
made from this material. Near the top of this division is 
found a bed of rather uniform clay having a thickness vary- 
ing from a few feet to twenty feet. This is the lowest produc- 
tive bed of slip clay. The clay from this bed can be used as 
a slip for certain grades of material, but for the better grades 
such as insulators, there has been a great amount of uncer- 
tainty as to the final result. (D) consists of blue clay of 
fine grain and more regular composition than the lower bed. 
This is a clay which can be used with more success in the 
stiff-mud machine and on the wheel for flower pots. Heavy 
beds of sand are absent, and in the upper portion is found 
a thin bed of slip clay from which was taken in the early days, 
the greater portion of the material for the manufacture of 
glazed ware which was carried on to a great extent in Albany. 
No shipments have been made from this bed for many years. 
(E) is a rather thin bed, sharply divided from the upper slip 
clay bed and resembles to a great extent the lower beds of 
(D). (F) is the bed from which the principal output of slip | 
clay is now being made. It consists of rather thick layers 
(about six inches) of bluish or purplish clay divided by paper- 
thin layers of clear quartz sand. At the one locality where 
this bed is exposed to the best advantage, it has a thickness 
of about ten feet. (G) consists of a two-foot layer of gray 
sand, and it is from this bed that considerable of the trouble 
comes in attempting to secure uniform shipments. (H) is 
the upper commercial slip clay bed and greatly resembles 
the material found in (F). It has a thickness of about four 
feet and consists of a dark gray colored material carrying 
very little sand. In the. bank,-there is some difficulty in 
recognizing the division: between this bed and the underlying 
bed of sand, and the consequence is that, with new and in- 
experienced labor, a considerable amount of sand will be 
shipped as slip clay . (I) consists of an eight-foot bed of 
highly colored blue, green and maroon clays carrying too 
much sand to give it any value for commercial purposes. (J) 
consists of a four-foot bed of alternating sands and clays 
cemented into a rather compact layer by calcium carbonate. 
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(K) is a four-foot bed of gray sandy clay uncemented. (L) 
is a two-foot layer of gray colored sand and the uppermost 
layer of the blue clay deposits. (M) consists of about 
eighteen feet of open, yellow, iron-stained clear quartz grains. 
(N) is a bed of brown clay alternating with thin layers of 
dark colored sands. ‘This is a local delta deposit and varies 
in thickness up to twenty feet. (O) resembles (M) in every 
particular. It is in this bed near the contact with (N) that 
much of the Albany molding sand is found. 

After exposure to the atmosphere and to the surface waters, 
the blue clays undergo a chemical change with the formation of 
a light or dark brown colored clay, having somewhat different 
physical and chemical characteristics and different working 
qualities especially in the manufacture of common brick. This 
chemical change does not seem to have had much effect on their 
working qualities as regards their use as a slip. 

Many samples of slip clays and other Hudson Valley 
clays have been examined under the microscope before and 
after sizing, and only in one case were any minerals found 
with the exception of quartz, feldspar and gypsum. The great 
body of the clay consists of irregular rounded grains of 
quartz either clear, iron-stained or opaque. Some beds, such 
as (L), will show practically nothing but clear quartz, others 
will have a greater proportion of iron-stained grains, and a 
few will be formed of the opaque variety. Some beds will be 
found with quartz grains varying in color according to the 
diameter of the grain. ‘This is noticeable in samples taken 
from (K) where the grains measuring .o117 inch and .oo81 
inch in diameter consist entirely of iron-stained quartz with the 
rest. of the sample made-up of ‘clear quartz. — The teldsparssare 
practically absent as recognizable minerals; in nearly every 
sample examined, there were found a few small grains but not 
in any case were they present to an extent where they would be 
noticeable without careful examination.. Gypsum as a secondary 
mineral was fairly abundant, and, at one locality, crystals as shown 
in Fig. 7 were obtained in great quantities. In one sample from 
the slip clay beds, there was found a small perfect crystal of 
apatite, calcium phosphate. It is very rarely that the quartz 
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grains are free but in most cases they are cemented together into 
larger irregular grains by calcium carbonate or limonite. Calcium 
carbonate is always present as a bonding material with, also, a 
small amount of magnesium carbonate. There were found in 
many of the beds, layers of rounded sandstone pebbles derived 
from the adjacent rocks. It is these pebbles that account, to a 
great extent, for the grains having a diameter of from .0327 inch 
to .oo81 inch inclusive. 

Careful samples were taken of many slip clays and of other 
clays and sands for sizing tests. The samples were sized into 
grains having ten different average diameters varying from .0327 
into to .0003 inch. In the case of the slip clays the greatest 
amount of material averaged .0003 inch or smaller. This 
formed the main body of the clay, and the average of many sam- 
ples from the different slip clay beds was 83.64 percent. The 
next grain found in abundance was that having a diameter of 
.0016 inch and formed 8.68 percent of the total. The slip clay 
beds, both brown and blue, are remarkably uniform as to size 
of grain. This is shown in samples 7 to 10, inclusive, as given 
in Table I. The sandy layers of the slip clay beds were in most 
cases similar in composition to the clays, except that the grains 
having a diameter of from .0016 inch to .ooog inch were in 
greater abundance. For comparison with the slip clays there is 
given a blue clay, deposited in the very quiet waters of Lake 
Albany in what is now the valley of the Kaaterskill creek. This 
clay has a thickness of about sixty feet, composed entirely of 
quartz grains cemented by calcium carbonate, with 95.16 per- 
cent having a diameter of less than .0003 inch, only 3.90 percent 
having a diameter of .ooog inch and .04 percent with a diameter 
of .0066 inch. 

There have been many chemical analyses made of the slip 
clays and other clays of the Hudson valley but of the entire list 
only those in Table‘Il<aré of interest. Aview are given trom 
other localities for comparison. 
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1. Slip clay, Rowley, Michigan, Ohio Geological Survey. 
2. Slip clay, Brimfield, Ohio, Ohio Geological Survey. 
_ 3. Shp clay, Sharonville, Ohio, Ohio Geological Survey. 
4, Slip clay, Rensselaer, N Y., (Fig. 3, (3) upper), Norton Co. 
5. Slip clay, Rensselaer, N. Y., (Fig. 3, (3) lower), Norton Co. 
6. Slip clay, Rensselaer, N. Y.,. (Fig. 3, \(8): lower), Norton Co: 
7. Slip clay, Rensselaer, N.-Y., (Migs 3, (3) lower), Norton Co: 
8. Slip clay, Rensselaer, N. Y., (Fig. 3, (3) upper), Norton Co. 
9. *Slip clay, Rensselaer, N. Y., (Fig. 3, (3) lower), Norton Co. 
10. *Slip clay, Rensselaer, N.Y: (higi3 (a. slower)) Nortonsces: 
11. *Slip clay, Rensselaer; N. Y., (Fig. 3, (3) dower), Norton .Co: 





12. *Slip clay, Albany, NoUY. (Fig 25,43). tower; 2 onton veo: 
13. *Slip clay, Rensselaer, N. Y.,-(Fig. 8, (3) upper), Norton Co. 
14. *Slip clay, Rensselaer; (N.Y., (Me. 3,416) upper), Norionaco. 
15, *Slip clay, Albany,-N. Y.,; Clg. 3; (3) upper), K7W> Jones. 
16. *Slip clay, Albany, No Yo “CFig 23) Wika ees: 

17. *Slip clay, Albany, Ny YjoCBie aa) Wey ones: 

18. Gray sand, Albany, IN. Y., -(Higs3,°CL) Rew ones: 

19. *Slip -clay, Catskall, NS Y2eH. uceda. 

20. Slip clay, Catskill Ne VY. Es uceda: 

21.-*Slip: clay, Catskill Na YaekueW eone.: 

22. *Slip clay, Albany. Ne Yo ws Notions: 

23. *Slip clay, Albany, N. Y., Ohio Geological- Survey. 











* Indicates blue slip clays from thé Néw York localities. 


I have given these analyses mainly for the reason that, as 
far as I know, it is the first time that anything like a fairly 
complete list of the Hudson river clay analyses has been avail- 
able. It is impossible to get much information from the chemical 
analyses of either the slip or brick clays as to their behavior 
during fusion. Generally the blue slip clay will be higher in 
SiO,, with about 56.75 percent as compared with 52.70 percent 
for the brick clays; 15.47 percent Al,O, in the slip compared 
with 21,48 percent-in the brick 573 percent Hie, @ es conipacea 
with 7.02 percent ; 5.78 percent CaO compared with 6.23 percent; 
3.23 percent MgO compared with .9o percent; alkalies 3.25 per- 
cent compared with 2.27 percent. The brown clays will average 
about 53.34 percent SiO, compared with about 58.15 percent for 
the brick clay ; 20.65 percent Al,O, compared with 24.20 percent ; 
4.73 percent Fe,O, compared with 5.65 percent; 5.84 percent 
CaO compared with 4.02 percent; 2.98 percent MgO compared 
with .52 percent; alkalies 5.50 percent compared with .95 per- 
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cent. These are averages from a great many analyses and are 
not to be depended upon to give any definite idea as to the com- 
parative composition of the various clays. 

It is almost impossible to give any estimate as to the 
past or present output of the slip clays in New York State. 
In the early days no records were kept, and at present, due 
to the small number of producers, it 1s impossible to give the 
figures without giving confidential information. No attempt 
has been made by any person or corporation to open a slip 
clay bank on a large scale, and no producer, in the slip clay 
business exclusively, is making any attempt to dry clay by 
artificial means. The- method of working, by benches, is well 
shown in Fig. 8. The upper layers are carefully removed by 
spading, until the slip clay beds are reached. ‘The slip clay 
is then cut into squares by means of a wide spade, shoveled 
into carts, dried by exposure to the sun and stored in bins 
until ready for shipment. An examination of Fig. 8, will give 
a good idea as to the alternate bedding of clays and sands 
as they appear in openings made in the Hudson river clays. 
The lower beds correspond to (F) of Fig. 3. The lower 
bench along the face of the opening corresponds to (G) Fig. 
3. The uppermost layer in the face of the opening corre- 
sponds to (L) Fig. 3. Above these clays and across the face 
of the illustration are found the open yellow sands corre- 
sponding to (M) Fig. 3. Fig. 9 shows the method of drying. 
The clay is laid on the ground and during wet weather is covered 
with boards. | 

I am greatly indebted to Professor George H. Chadwick, 
University of Rochester, for assistance in the preparation of 
Fig. 1, and for other information regarding the geology of the 
clays, and to Mr. Ross C. Purdy, Worcester, Mass., for assist- 
ance with the chemical analyses. 


THE THEORY OF FLOTATION AND ITS RELATION 
TO THE DRESSING OF CLAYS 


BY THOMAS M. BAINS, JR. 


Flotation is the process of separating substances by the util- 
ization of certain physical or chemical properties, which causes 
one or more of the substances to float, while the remainder sink 
in the solution in which the substances are held. This process is 
generally the reverse of the ordinary methods of ore-dressing, 
which utilizes the specific gravity of the substances to effect the 
separation. Thus in separating galena, (specific gravity about 
7.5) from quartz (specific gravity of 2.5) by flotation, the heavier 
mineral floats, while the quartz sinks to the bottom. 

Like all great discoveries, the general phenomena connected 
with flotation have been known for ages. Hero of Alexander, 
made a steam toy before the Christian era, embodying the concept 
of reaction; and Branca in 1629 described the turning of a wheel 
by the impulse effect of a jet of steam from a nozzle. But the 
modern turbine era did not begin till the invention of the De Laval 
turbine in 1883. The principles of static electricity were studied 
centuries ago, but it was not until the nineteenth century that any 
practical uses were found for the same. So it has been with flo- 
tation. 

The housewife sees flotation phenomena every day. When 
she places powdered cocoa in a cup and adds boiling water, the 
cocoa immediately becomes wetted and forms first a paste and 
then a solution. No foam or froth will remain on the surface. 
If, however, cold water, or better, cold cream be added, the cocoa 
refuses to form a paste, till pressure with the spoon is exerted. 
Then if boiling water is added to the paste, a foaming liquid re- 
sults with a very persistent froth. In whipping cream, it is better 
to have the cream and utensils cold, or the cream may refuse to 
whip. The cream whip now on the market, to aid the formation 
of the froth, is a flotation reagent. As we sit and watch the bub- 
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bles in our beverages that effervesce, one of the phenomena of flo- 
tation 1s presenting itself. The laundress may wash dirty clothes 
with soap, but in cold water she will never get the clothes. white. 
However, if the clothes be boiled, they become spotlessly white. 
If the same dirty clothes were dragged through salt water in the 
wake of a ship, the bubbles from the propellers would cleanse the 
clothes, and even in cold water, the sime whiteness would be ob- 
tained as with boiling water. 

Many mining people lately have been trying to give Mrs. 
Carrie Everson the credit for the discovery of flotation as applied 
to the recovery of sulphides from their gangue. Although her 
patents deal with sulphides, oils, acids and gangue, still if one tried 
to separate, commercially, sulphides by the descriptions in her 
patents, failure would result. The flotation of today has not one- 
hundredth as much resemblance to the Everson patents, as the 
Cutis turbine has to the engine of Hero. 

It has been known for a long time that some minerals have 
a great affinity for grease or oils. This was first successfully used 
by Elmore, who mixed the ore with a large quantity of oil, several 
times the weight of the ore frequently, and the sulphides were col- 
lected in the oil, while the gangue sank to the bottom. This 
process necessitated a large quantity of oil and the cost was pro- 
hibitive. While using a bulk flotation process like this at the 
Broken Hill mill, in Australia, certain men reduced the quantity 
of oil added, and when ten percent oil was added, flotation ceased 
and coagules of oil and sulphides formed and hung suspended in 
the liquid, or else settled lightly on the gangue. On decreasing 
the percent of oil still further, — below about one and one-half 
percent, — it was noticed that a froth formed consisting of sul- 
phides and bubbles with thin films of oil. This was really the 
commencement of a practical flotation method. Today, less than 
one percent of oil is used, and even flotation without oil is often 
successful. While this side was being developed, the surface ten- 
sion phenomena was being used to produce flotation. It was 
found that certain finely divided minerals were hard to “wet,” 
while others wetted readily and sank, when placed on the surface 
of a liquid, like water. This process is used today in the Wood 
flotation machine. 
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Another side of flotation was being developed at this time. 
It was found that any gas bubbles liberated in solution would 
eollccremcmcmlphidessand rine then to the: suriace, lf carbon- 
_ates in the ore were acted upon by acids, CO, bubbles acted as 
carriers. However, without oil, the bubbles broke on reaching 
the surface and their burdens of sulphides dropped back toward 
the bottom again. The very finely divided particles, however, 
would float, due to surface tension phenomenon. 


Various theories have been advanced to explain flotation, but 
the one that seems to cover the ground most thoroughly is the 
electrical theory. Air blown through water, or beaten up in it, 
is ionized, equal plus and minus ions resulting. The rate of dif- 
fusion in water, however of the positive ion is greater than that 
of the negative, thus the air becomes negatively charged. Air 
forced through canvas will become electrified, due to frictional 
causes. ‘These charges are not presistent, however, unless the 
bubble has an insulating film about it. A charged stick of sealing 
wax is immediately discharged when immersed in water, but if 
coated with oil or vaseline, the charge will remain for some time. 
The charge on the air bubbles may be made to remain by: 


First, by surrounding the bubble with a nonsconducting film 
of some insulating material, and second, by the addition of cer- 
tain substances, which may be divided into the two following 
classes : 


(a) Colloids, which add charges of one sign only to the solu- 
tion — these charges appear to attraet the opposite kind of charge 
from the bubble and keep it from being discharged ; 


(b) Substances, like alcohol, that have practically no ioniza- 
tion in water and are supposed to consist of large molecules, giv- 
ing a small percentage of ions in solution which Hol, mean a 
slower dissipation of the charge. 


Pure water splashed against a plate causes the water to be- 
come negatively charged and the air positively charged. Weak 
salt solution gives the opposite charges to the air and the water. 
Certain chemicals increase or decrease or even reverse the charges. 
Rosaniline increases the normal effect, giving a stronger charge 
to the air particles if minus. Strong oxidizing agents, as potas- 
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sium permanganate, tend to reverse the normal effects. Reducing 
agents seem to increase the normal effects. 

In ordinary froth flotation, the air bubbles are charged either 
by beating of the air into the water or by forcing air through a 
medium like canvas or a certain kind of tile. This forms an im- 
mense number of small bubbles. The oil added is generally neg- 
atively charged, the sulphides positively charged. The oil is at- 
tracted and surrounds the sulphide, and the bubble attracts the 
sulphide, if the film of negatively charged oil is not too thick. 
When over a couple of percent of oil is used, the film is too thick 
and the repulsion of the negatively charged oil and bubble is 
greater than the attraction of the bubble for the sulphide. Thus 
coagules or balls of sulphides and oil form, that do not float. 
When enough oil is added so that the specific gravity of these 
coagules become less than that of the solution, flotation again 
takes place. 

The two types of frothing machines, commercially, are the 
Mineral Separation machine, using beaters to form the bubbles, 
and the Callow cells which uses the canvas or other permeable 
bottom, through which air 1s forced at two to five pounds pressure. 
The one great point about froth flotation with these machines is, 
that there shall be a great number of electrically charged bubbles 
formed during the time of operation. In both cases acids, sul- 
phuric generally, are used in a great majority of separations. The 
acid seems to cause the gangue to remain wetted, and the concen- 
trate is much cleaner. In mgny cases, the flotation of certain sul- 
phides require acid, no flotation occurring until the pulp is acid- 
ied. The heavier oils, such as pine tar or crude oils, give a 
more persistent froth, while the lighter oils increase the solubility 
of these heavy oils, decrease the surface tension of the solution, 
so that a greater number of smaller bubbles are formed with the 
other conditions remaining the same. Pure water cannot be 
beaten into a good froth, but if a drop of eucalyptus oil be added, 
all the water can be turned to froth. Turpentine and some other 
substances also seem to act in a way that would indicate that the 
charges on the bubbles are increased by these substances. 

Other minerals beside the sulphides are found amenable to 
flotation processes. Graphite in clays may be separated by flota- 
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tion. Pyrite, molybenite, metallic particles, like native gold and 
copper may be floated. 

It is possible by preferential flotation to separate one floatable 
mineral from another one. For instance, zinc blende and galena 
both readily float. By special methods the galena can be floated 
and the blende wetted. Then the blende can be recovered later by 
flotation. Minerals of the same specific gravities may be sepa- 
rated — this being, of course, impossible with gravity separation. 
The fineness of the crushing for flotation varies. Minerals as 
coarse as 20 mesh are often floated, while the common practice is 
to crush to 100 mesh or finer. The finer the particles the more 
water is necessary to be used in the mill pulp, and the harder it 
is to get a clean concentrate. 

A couple of examples of the percentages of oils used in prac- 
tice may be interesting: 


Inspiration Copper Co. — 


80 percent crude coal tar-collector, 
20 percent coal tar creosote-frothing agent, 
40 percent crude coal tar-collector, 


Daly-Judge Mining Co. — 
40 percent crude coal tar-collector, 
40 percent creosote 
20 percent pine oil 


I to 1% pounds per ton of ore or ce to; F percent 
pounds. 


frothing 


NOTES ON THE MANUFACTURE OF PORCELAIN 
PYROMETER TUBES’ 


BY W.L3 HOWATL 


Owing to the curtailment of the supply of Marquardt pyro- 
meter tubes, manufactured by the Royal Porcelain Works, Berlin, 
an attempt to manufacture tubes having similar properties for 
use in their laboratories was made by the Bureau of Standards. 

An analysis of a Marquardt protection tube from which the 
glaze had been sandblasted was as follows: 


S10) J. cis esas. WE re etree eee 30 2 percent 
FW © Miisrgrs apts en re A hes Gl 63.20 percent 
KO Axcis eae Scat laa tegen 1.65 percent 


With the above analysis as a guide, a body mixture having a 
composition as follows was prepared: 





Body Greg No.1 
percent percent 
Cros uno Tee cs. il aueee AG 7a gi OO. Calc Pan: 
GTODeNOn 23s isn eee ee 7.3 22.0 North Carolina kaolin 
North. Carolina. kaolin.....17.0 | 8.0 Potash spar 
Btoridals kaglin sexs 5.0 
Lennessee: ball clay. ces) 15.0 Grog No. 2 
Enelish”ehinasclaye.2 in 10.0 64.0 Potash ‘spar 
26:6 Calcmed ALO: 
100.0 


Preparation of Grogs and Body. After thorough mixing 
dry each grog was calcined to cone 19 and crushed to pass a 120 
mesh sieve. At cone 19, grog No. 2 was vitrified and partly 
fused, and grog No. 1 was sintered. The body was wet ground 
three hours in a ball mill and filter pressed. 


1 By permission of the Director, Bureau of Standards. 
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Manufacture of Tubes. The first tubes were molded in 
the stiff-mud condition on a horizontal piston plunger machine 
having a die 1°/,, in. in diameter. The tubes were cut into 24 
in. lengths, sealed at one end, and the regulation collar cemented 
to the other end. Considerable difficulty was experienced in 
the drying of the machine-made tubes on account of the tendency 
to warp. This warping was doubtless due, in part, to faulty die 
construction and unevenness of pressure. The warping was in- 


creased by burning. 


More satisfactory results were secured by casting the tubes 
in plaster molds. One-piece plaster molds having holes 34 in. in 
diameter and 30 in. in depth were prepared. 


The filter pressed body was blunged in a ball mill with water 
and a predetermined amount of sodium carbonate and sodium 
silicate solution, to give the desired consistency for casting. The 
specific gravity of the slip was 1.874, the viscosity being such 
that the time required to run 200 cc. from the flow viscosimeter 
was 2 minutes. 


In casting the above slip no’ difflculties were experienced in 
producing tubes having walls and ends of uniform thickness. 
The tubes released easily from the molds in from 20 to 30 min- 
utes after casting. The tubes were placed horizontally on a 
glass plate during drying. The drying behavior of the cast tubes 
was very satisfactory, there being no difficulties from warping 
or cracking. 


Burning. The tubes were biscuited to cone 05, being 
suspended vertically through holes in the lids of special saggers 
made for the purpose. A majority of the tubes were in good 
condition when taken from the biscuit kiln. A few of the ttbes 
were warped, although it was found later that this was due to 
the lack of uniform bearing of the collars of the tubes on the 
sagger. 

A glaze having the following composition was applied to 
the tubes by spraying, and the glazed tubes were placed vertically 
in the saggers as before and fired to cone 17. 
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Glaze. 


O16 7K) 
0.20 MeO 1.0 Alo 910 Oni, 
0.65 CaO 


At cone 17 a good bright glaze is produced which, however, 
is somewhat low in refractoriness as evidenced by sticking when 
used at temperatures above 1350° C. although very SIE 
at lower temperatures. 

Conclusions. The tubes are being used in the laboratory 
kilns of the Bureau and are giving very satisfactory results. At 
a temperature of 1450° C., the resistance to deformation has been 
' found to correspond favorably to that of the Marquardt tubes. 
The resistance to temperature changes appears satisfactory and 
is not exceeded by that of the imported tubes. 

The use of a more refractory glaze, or one which softens at 
a higher temperature, would improve the quality of the tubes, 
and glazes of this type have been prepared and are being tested. 


DISSOCIATION OF CALCIUM SULPHATE AND THE 
REMOVAL OF DRYER SCUM 


BY A. E. WILLIAMS 


Dryer scum on clay products has often been removed by 
maintaining strong reducing conditions in a kiln at the maximum 
temperature of burning. This 1s because calcium sulphate may be 
more easily dissociated in a reducing atmosphere than in an 
oxidizing atmosphere. The disadvantage of this practice is that 
the color of the clay is permanently darkened, and red colors can 
not be obtained. 


The. following work was done to determine the minimum 
temperature at which calcium sulphate can be dissociated in con- 
tact with clay, under heavy reducing conditions. If this tempera- 
ture proved low enough, dryer scum might possibly be removed 
by carrying on heavy reducing conditions at a temperature where 
no permanent change in color of the ware would be produced. 
Experiments to determine the approximate temperature of dis- 
sociation of calcium sulphate under reducing conditions were 
carried on in the following manner: 


A porcelain combustion boat containing the sample was 
placed in a quartz combustion tube one inch in diameter, and 
heated in an electric furnace. A mixture of CO and CO, gas was 
prepared by decomposition of oxalic acid by sulphuric acid, dried 
over H,SO, and P,O, and drawn thru the tube by suction. When 
CO alone was used, the CO, was absorbed by bubbling thru a 
KOH solution. The rate of flow of the gas was kept approxi- 
mately constant. To avoid air leakage, all connections were 
closed with sealing wax. The furnace was heated at the rate of 
400°C. per hour, and air was drawn thru the tube until 450°C. 
was reached when the gas was admitted. 

The following is a description of the experiments run, and 
the results obtained. 
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Experiment 1:—One-half gram of powdered gypsum was 
heated to 850°C. in an atmosphere of CO. At this temperature 
a flame showed in the tube for a short time, evidently oxidation 
of CO by the sulphate. The temperature increased at this point 
quite rapidly to 8g0°C. and continued at this point for one-half 
hour, at which time the experiment was terminated. The re- 
sultant product showed a loss in weight of only 7.6 percent and a 
strong test for SO, was obtained showing complete decomposition 
had not taken place. The presence of the flame would indicate, 
however, that some oxidation was going on. 


Experiment 2 :—In this experiment the conditions of number 
one were reproduced, except the temperature of 890°C. was 
maintained for one hour. As a result, a strong test for H,S was 
obtained from the sample, showing a distinct decomposition of the 
sulphate. Complete dissociation had not been obtained, however, 
as a test for SO, was also given. | 


Experiment 3:—One-half gram of a mixture of 20 percent 
gypsum and 80 percent clay was heated to 800°C. and held for 
one hour at this temperature in an atmosphere of CO. Partial 
decomposition had taken place. The same tests were given as in 
Experiment 2. 

Experiment 4:—-Experiment 2 was repeated extending the 
time to two hours at 800°C. This sample showed no evidences 
of SO, remaining and gave a strong, test. for is5.. LH vidently 
complete decomposition. 

Experiment 5:—In this experiment the same mixture was 
used as in Experiments 3 and 4. A mixture of CO and CO, was 
was used, however, in place of pure CO. The proportion of CO 
to CO, was that produced by the decomposition of oxalic acid by 
H,SO,. This gas analyzed with an Orsat apparatus gave 44 
percent CO,, 35 percent CO and 2 percent O. The sample was 
held in this atmosphere for two hours at 800°C. Complete de- 
composition of the sulphate was produced as in Experiment 4. 

Experiment 6:— Conditions of Experiment 5 repeated, 
except a maximum temperature of 750°C. was maintained for 
two hours. Slight decomposition was produced, but a strong test 
for SO, was obtained. | 
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experiment 7:— Sample treated as in Experiment 5, except 
held at 700°C. for one hour. No decomposition of the sulphate 
evident. 


Experiment 8:— Same as Experiment 5, except sample was 
held at 700°C. for two hours. No decomposition of sulphate 
evident. 


Experiment 9: — Same as Experiment 5, except sample was 
Me cet 700 y.. fOr three hours. 7. slight: test for H.S:was ob- 
tained and a strong test for SO,;. Slight decomposition. 


Experiment 10: — As silica and Fe,O, are reported to lower 
the temperature of dissociation of CaSO,, a mixture of 39 percent 
Fe,O,, 28 percent CaSO,, and 33 percent sodium silicate was 
heated in an atmosphere of CO. The temperature was raised to 
sooo C. and held for’one hour. 


This produced a dark brown metallic residue which gave a 
strong test for H,S, and no test for sulphuric acid, showing com- 
plete dissociation of the sulphate. 


Experiment 11:— A sample of the above mixture treated as 
in Experiment 9 to a temperature of 750°C. for one hour; com- 
plete dissociation resulting. 


Experiment 12:—- The same as Experiments 9 and Io, but 
raised to a temperature of 700°C. and held for one hour. No 
decomposition evident. 


From these results it was evident: st, that clay, and a 
mixture of free sodium silicate and ferric iron, in the presence 
of a high percentage of CO. were effective in reducing the tem- 
perature of dissociation of gypsum: 2nd, that below 700°C. the 
rate of dissociation was very slow, both for a mixture of gypsum 
and clay and a mixture of gypsum, sodium silicate and ferric 
-oxide: 3rd, that the dissociation point of pure gypsum is ma- 
terially lowered in an atmosphere of CO, since 1200°C. is given 
as the dissociation temperature of CaSO,2H,O under atmospheric 
conditions: 4th, mixtures of 80 percent clay and 20 percent 
gypsum when heated to a temperature of 800°C., either in an 
atmosphere of CO alone, or in a mixture of CO and CO, in pro- 
portions given in the experiment, permit easy and rapid decom- 
position of the sulphate. 
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In practical operation, the calcium sulphate is more or less 
intimately mixed with clay, on the surface of clay pieces and 
exposed to fire gases existing during burning. The clay pieces 
must go thru an oxidizing fire at temperatures between 700°C. to 
Soo°C. to prepare the clay for further burning. This preparation 
should be completed before’any surface reduction is produced, as 
the latter would no doubt cause a more dense surface layer of clay 
at the temperature (750°-800°C.), and the rate of oxidation 
would be considerably decreased. 


Bricks which were scummed in drying were burned in kilns 
in order to see if any action could be obtained. The first kiln was 
raised to 700°C. with oxidizing conditions, and the brick com- 
pletely oxidized and then held between 700° and 800°C for six 
hours in a reducing atmosphere produced by a thick bed of hot 
coke and a very low draft. A gas analysis during this period 
showed, on the average, about 2 percent of O, and 1% percent 
CO. This seemed to be the greatest reduction we could obtain. 
A second burn was made in which these conditions were repeated, 
except fuel oil was allowed to drop in the kiln during the reducing 
period. The gas analysis showed an increase of CO to 4 percent 
with the same amount of O,. 


After the reduction period, each kiln was burned to 1000°C. 
under oxidizing conditions and opened. There was apparently no 
improvement in the color. 


Samples of clay pieces which were scummed during drying 
were placed in the combustion furnace and treated under the 
conditions of Experiment 5, then burned to 1000°C, under oxidiz- 
ing conditions. Again, no improvement in the color was evident. 


Other samples were cooled down immediately after treat- 
ment, and the scum examined. It seemed to have bonded with 
the clay to form a permanent discoloration. ; | 


Substitutes for Barium Carbonate. As there are a num- 
ber of salts which react similarly to BaCO, in breaking up the 
calcium sulphate by forming an insoluble sulphate, a number 
of experiments were tried to determine the results which might 
be expected from their use in case they became commercially 
available. Also several other reagents were tried which might 
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be expected to increase the adsorption of the clay and thus pre- 
vent the sulphate from traveling to the surface. 

The accompanying table shows briefly the results obtained. 
The method of testing was to temper the clays with water con- 
taining the required amount of reagent, molding the clay into 
discs 3% inches in diameter, by 1 inch thick and burning in an 
oil-fired kiln, free from reducing conditions. Samples contain- 
ing barium carbonate were used in all cases for comparison. 

The tests showed that BaF,, Ba(OH), 8H,O, Na,C,O,, and 
NaF work equally as well as BaCO,. The barium hydrate is 
being used commercially at present, and the use of barium 
fluoride has been previously mentioned by Professor Staley’. 


1The use of Barium Fluoride for the prevention of Dryer Scum on Bricks. 
Staley. Vol. 17, Trans. Amer. Cer. Soc., page 200. 


A METHOD OF TESTING THE CORROSIVE ACTION 
OF SLAGS ON FIRE BRICK’ 


BY G. H. BROWN 


In power plant installations and many of the metallurgical 
processes, the slagging action of the ash, or other molten ma- 
terials in contact with the refractory materials of the furnaces, 
gives rise to difficulties. 


An indication of the type of refractory material which is best 
suited to withstand the action of a slag may, in some cases, be 
determined from chemical analysis of the refractory materials 
and o€ the slag. However, the slagging action is dependent to a 
certain extent on the physical structure of the refractory material, 
and selections based entirely on chemical analysis are apt to be 
misleading. 

Character of Slagging Action. The action of slags on 
fire brick may be said to be of two distinct types. First, the pen- 
tration of the slag into the pores of the brick by capillary action; 
second, the dissolving of the brick or portions of the brick by the 
chemical action of the slag. This dissolving action is evidenced 
by a honeycomb structure at the surface of a brick in case either 
the bonding material or the grog are dissolved by the slag, or by 
a smooth cutting away of the surface of the brick when both the 
bonding material and grog particles are dissolved by the slag. 


Obviously, the lower the porosity or the greater the density 
of the brick the greater will be its resistance to the penetration 
of the slag, the surface action being more pronounced. 


Methods of Testing Slagging Action. Several methods 
have been used in determining the probable action of slags on 
refractory materials, some of the ones more generally used being: 
1. The placing of the slag in a depression which is molded or 
drilled into the surface of the brick and subjecting it to the fur- 


1 By permission of the Director, Bureau of Standards. 
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nace temperature; 2, the placing of the slag in a refractory box 
which is cemented to the surface of the brick; 3, measurement 
of the depth to which a viscous colored solution penetrates into 
the brick. 

According to our observations, there are some objections to 
the first method of placing the slag in a depression in the brick. 
The quantity of slag which may be used is small, and if there is 
chemical action of the.slag on the refractory material the chemical 
composition is changed causing increases or decreases in the 
viscosity of the slag and giving rise to erroneous conclusions. 
Aside from this, the proportion of the surface area of the brick 
which is subjected to the slagging action is small and imperfec- 
tions in the structure of the brick may be undetected. A further 
objection which is sometimes raised to the drilling of a cavity in 
the brick is the destruction of the outer skin of the brick less: 
increasing the ease of slag penetration. 


The objections to the method of placing the ates in a recep- 
tacle cemented to the surface of the brick are, for the most part, 
the same as those to method one, although in addition we have 
difficulties arising from the failure of the receptacle to adhere to 
the surface of the brick and the consequent loss of the slag. 


The use of a colored solution to determine the action of the 
slag must be accompanied by a heating test of the brick in contact 
with the slag in order to determine the chemical action of the slag 
on the brick. 

Types of Slag Investigated. The tests described were 
made on an ash from a coal which afforded difficulties in firing, 
on account of the violent action of the slag on the refractories 
used in the construction of the arches and bridge walls. The use 
of a refractory whose chemical composition would appear to offer 
the greatest resistance to the action of the slag did not improve 
conditions, and actual slagging tests were resorted to. 


The chemical composition of the slag was as follows: 


Percent. 
Silica) 72s Se eo ee Preps 34.19 
Alumina “ok. S 2 cee ee 14.63 


Ferrie Oxide. 20 (0. a ee 22.14 
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Sa ciGurroxideis ee eee 9 ice Saal be. 755 
Riavmestimmonidedtah. ser Uy os 0.94 
Obs eci iim ai CMe nirle othe siki ek a 147 
SOC MMO Ce ee HIOe Slit an Rts ales Ll 
pM mebiaOn Gent tua... elas sols 6.53 


The softening temperature of the slag, as determined by the fuel 
laboratory of the Bureau of Mines, was found to be 1279-1305°C, 
under oxidizing conditions and 1086-1119°C, under reducing con- 
ditions. | 

Description of the Test. Fire-clay boxes whose inside 
dimensions were g-in. length, 8-in. width and 3-in. depth, were 
molded from a finely ground refractory mixture and burned to 
cone 12. Each brick to be tested was placed on edge in the box 
and firmly packed with the finely ground slag on the two sides. 
In the first series of tests, slag prepared from the ash of the coal 
was used. In the later tests, the brick were subjected to the action 
of a synthetic mixture having a composition approaching that of 
the slag. 

Twelve of the boxes were placed in a down-draft kiln fired 
with natural gas. The temperature was increased to 1400°C, over 
a period of 36 hours. For this slag, reducing conditions were 
maintained in the kiln over the last 12 hours of the’ burning. 
Twenty-four brands of brick of widely varying composition were 
tested under the corrosive action of the slag. In order to observe 
the corrosive action and penetration of the slag, each box end 
contained brick was broken into two or more parts. 


In the illustration, Figure 1, is shown the action of the slag 
on several types of refractories. Taking into consideration the 
basic character of the slag, its action on the different types of 
refractories was somewhat unexpected. 


The slag vigorously attacked a silica brick penetrating to the 
center and producing a honeycomb structure. The action on a 
bauxite brick was very similar to that on the silica brick, the slag 
penetrating to the center and rapidly dissolving the matrix of the 
brick. A magnesite brick shows penetration to the center and 
considerable dissolving action at the surfaces. The action on a 
carborundum brick is unlike that on any of the types of refrac- 
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tories tested. Although excessive surface-dissolving action has 
taken place but little or no penetration is noted. The porosity of 
the carborundum brick, twenty-one percent, was greater than that 
of any of the brick tested, and the action of the slag was not 
expected. The action of the slag on the different brands of clay 
brick varied somewhat with the composition and the structure 
of the brick. The so-called quartzite brick and brick containing 
a high percentage of silica were more or less vigorously attacked 
by the slag. 

Among the clay brick tested were found several brands which 
appeared to resist both the dissolving action and the penetration ° 
of the slag. However, structural imperfections in some of the 
clay brick permitted irregular penetration of the slag, although 
the dissolving action appeared to be slight. This was observed in 
soft burned clay brick containing coarsely ground grog. 

Conclusions. It would appear that this method of test- 
ing the corrosive action of a slag has the following advantages : 

1. A considerable portion of the brick is subjected to the 
action of the slag. Structural imperfections of the brick are de- 
tected which may not be observed by testing only a small section 
of the brick. . 

2. The use of a large quantity of slag reduces the possibility 
of appreciable changes in the chemical and physical properties 
which may occur when smaller amounts of slag are used. 

3. By the use of a large amount, the time effect of the 
slagging action on the brick may be studied. This is not possible 
when a small amount of slag is placed on the surface of a brick, 
especially in cases where the penetration and dissolving action 
1s very rapid. 

Obviously in installations employing high temperatures, tests 
as to slagging action must be accompanied by tests as to the 
refractoriness of the material. The ability of a type of refractory 
to withstand the action of slag may be due to its lack of refrac- . 
toriness and consequent vitrified structure. A material of this 
kind, although able to resist the corrosive action of the slag at 
ordinary temperatures, may be too low in refractoriness to resist 
the furnace temperatures employed. 
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INFLUENCE OF VARIABLE SILICA AND ALUMINA 
ON TERRA COTTA GLAZES 


BY R. B. KEELER 


It is the opinion of the writer that we cannot safely assume 
any particular ratio between silica and alumina to be correct 
for all RO combinations. Furthermore, we cannot state definitely 
that any RO which we may select is useless simply because it 
does not make a good mat or bright glaze with a given ratio 
between silica and alumina. 

Whatever RO we select will form a glaze if the proper 
proportions of silica and alumina are present and the glaze is 
given the proper heat treatment, so long as we do not deviate too 
widely in the selection of the RO. } 

For ordinary terra cotta glazes it is safe to follow the limits 
given below in selecting the RO. 


molecules 
KONd Os set eat cco eee rene Seat a4 
Ca GQ 2st. See anne eee SieetO <6 
LAG) oats Se See Re ea od ea 1a EO. 32 
Mi OSs oh as Scar tete, ne ee O2FtoO 3k 
Baty ces Sion gece, aes eee aoe FORE Os 2 
PHO- 7s Ae oaane eae ONO 0 
Fn AS PR Rey Me Tell Rete grr aa 2240) 25 
SIO) i zi ak ea eee at See ene de eho, 
SOG Na eager clan eee aa O2010i215 


In the following groups we have selected a number of RO 
combinations according to the type of glaze required. The 
silica and alumina are varied to determine the best combination 
of the base, intermediary and acid which will produce satisfactory 
mats and glazes. The silica is low along the left side of the 
group and increased toward the right side. The alumina is low 
at the bottom and increased toward the top thus allowing the 
silica and alumina to cross in opposite directions. 
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Batches of each of the four corners of the groups were pre- 
pared and after being wet ground in pebble mills for two hours, 
the members were made up by cross-blending. 

The glazes were sprayed over a white underslip on an see 
nary No. 2 fire clay body containing about 40 percent grog. 

Trials were fired in commercial 20 foot muffle kilns; burn- 
ing about 50 to 70 hours. Temperature ranging between cones 
3 and 5. Ojl used as fuel. 


Group R— Cone 2 





























Formula 
et OS, 
.30 CaO 
$25 Za) , 
ere 2 tase). bak 1073-0 SIO), 
2TOoe Ba 
FEROS DO) 
High Al.O, High Al.O; 
Low SiO: . High SiO, 
No. 1 No. 2 Noo No. 4 No. 5 
OU ALO: SS SALO: (SAO: Rati wae Oe .35 AlOs 
LEST Sf 1Sion5iO). 29 >SiO; 2.020 910% | 3.0.810:; 
No. 6 No. 7 No. 8 No. 9 No. 10 
ae 8125 3125 vgi2s .3125 
pe ; 1.875 2 .O5 2.625 Sf 
No. 11 No. 12 Noxis No. 14 No. 15 
215 to itt 2275 O75 
12s 1.875 2°95 2.625 ae 
i 
No. 16 No. 17 No. 18° No. 19 No. 20 
22378 to TES er 2ST5, ato 
to L875 2 25 2eb25 as 
No. 21 Nos 2c No. 23 No. 24 Nov-25 
is 2 YB ae, a 
haa 1875 2D 2.625 3° 
| 
Low AlOs; Low Al.O; 


Low SiOz High SiO, 
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Batch Weights 





























No. 1 5 No. 21 No. 25 
SPAate lo las aice UPereaees 83.55 5 83.55 8a..00 
Wot oe here ae cee 30. 30. 30. 
ZINC ORIG G4 Baek eee 20-25 25 20.25 20.25 
Mig CO. co tases ae re 8.4 8.4 8.4 
BaC@Or — Fie ate 19.7 19.7 19.7 
BbCOs? Ki... uae eee 25.8 25.8 2518 
Bali felayctes ae pene a6 12.9 12.9 
I PES Oe a es er a ee 12; 1 30, 120. 
Doles 3413 230.6 320.6 
Results 
iINo-e Nom. Nowe No. 4 No. 5 
Fine - Fine Fine Little Immature 
dull semi- Semi- rough 
mat mat mat 
Noses No. 7 No! 8 No. 9 No. 10 
Fine Fine Fine Good Immature 
dull semi enamel glaze, 
mat mat a little 
rough 
No. 11 No: 12 INOnuers No. 14 No. 15 
Fine Fine Fine Little Immature 
dull enamel semi- rough 
mat mat 
Best 
No. 16 No. 17 No. 18 No. 19 No. 20 
Fine Fine Fine Little Immature 
mat enamel enamel rough 
smooth dull 
Nov2t Nov 22 IN@2 28 No. 24 No. 25 
Good Good Dull Immature Immature 
dull enamel enamel 
enamel quite 
dull 














Color of members slightly cream. Texture ranging from 
dull mats to fair glazes but is inclined to be more of the semi- 
mat type. 
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Trials of this group were also sprayed on the body without 
underslip and all trials were equally as good in texture as those 
sprayed over the underslip. Color was slightly cloudy evidently 
with crystalline matter in suspension, giving glaze a fairly light 
color. | 

Samples flowed well, leaving no indication of waviness. 
Glaze over the underslip rounded out well at the edges and 
showed no thinness. 

Norwegian feldspar, English ball clay and German flint were 
used. 


Group S — Cone 3 














Formula 
Pd eA) 
B38 ea) Al : 
See Pes tote 2d Om 6107325 S105 
230 200 
High ALO; | . High ALLO, 
Low SiO. High SiO. 
No: it No. 2 INGoto" 3 No. 4 No. 5 
48 Al.Os; .48 .48 .48 48 
eoiO)s ae 2.0. 3: Sea 
No. 6 Now dé No. 8 No. 9 No. 10 
4475 4475 4475 4475 .4475 
15 >. Paeti 3, 3.0 
No ch No. 12 No. 13 No. 14 Nowel5 
415 415 415 415 .415 
ee 2 Dray eel 
No. 16 No. 17 No. 18 No. 19 No. 20 
3825 3825 sO025 3825 3825 
i) 2 dts a Bo 
No. 21 INo.222 No.: 23 No: 24 No. 25 
ra iy 3D a5 au 35 
1.5 2, Paes) Sy ayes 
Low Al.O; Low ALO; 


Low SiOz High SiO. 


286 


Feldspar 


Whiting 
MegCO; 


Results 


No. 1 


Immature. 


No. 6 
Immature. 


No. 11 
Immature. 


Batch Weights 





No. 16 
Immature 
mat. 


No. 21 
Immature 
mat. 
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Nearly all glazes in this group were 


good texture wherever partly matured. 


mat texture. 











No. 1 No. 5 No. 21 No. 25 
ey AIS 668 .4 445.6 668.4 445.6 
Ams wgids mbes 180. 120. 180. 120. 
ee wah Se Re 55.4 36.96 55.44 36.96 
ae eens 186'.54 126 .36 189.54 126.36 
Spike fete 232 .2 288 . 96 232 .2 154.8 
Lite ee 60.84 fete ete. 4 base: < 
| Sa Slee ee ee 417.6 AaSe A80. 
1386. 1435. 1325. 1363. 
No. 2 No. 3 No. 4 No. 5 
Immature. Immature. Little Immature 
glossy. 

No. 7 No. 8 No. 9 No. 10 
Runs a Runs a Glossy. A little 
little. little. Runs. glossy. 
Mat. Glossy. 

No. 12 No. 13 No. 14 No. 15 
Runs a Runs a Glossy. A little 
little. little. Runs. glossy. 
Mat. Glossy. 

No. 17 No. 18 No. 19 No. 20 

Immature. Runs Part A little 
Mat. together matured. glossy. 
very | 
well. | 

No. 22 No. 23 No. 24 No. 25 
Semi- Next Fair— A little 
mat. best of not run glossy. 
Best group— together. 

of group. Bright. 





immature, but had a 
The bottom of the 
group looks very good and is almost fused over giving a partial 
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It is quite possible that going lower with another field the 
fusibility would increase, but noting the high content of MgO 
(1. e. .11 molecules) it was decided not to continue lower. Pos- 
sibly two cones higher in temperature would have fused them. 

The low content of spar was noted, and it was decided to 
try higher spar content and omit the MgO altogether. We would 
probably sacrifice whiteness by increasing the fusibility. 


Group T — Cone 4 
































Formula 
mak) | 
1220 Zn@ Warton rae Tl s 2, 4a tO/3.4 10), 
.275 CaO 
High ALO; High ALO; 
Low SiO, High SiO, 
No. 1 No. 2 No. 3 No. 4 No. 5 
5 ALO; 5) oy co ae 
254, SiO; 2765 2.9 3.15 aoe 
No. 6 No. 7 No. 8 No. 9 No. 10 
475 475 ee: 475 A475 
OCA 2,65 2.9 = hal ee 
No.1 No. 12 No. 138 No. 14 No. 15 
45 45 45 45 45 
274 2: 65 2.9 it ont 
No. 16 No. 17 No. 18 No. 19 No. 20 
.425 a .425 425 425 425 
208 2265 2-9 pe) 3.4 
No. 21 No. 22. No. 23 No. 24 No. 25 
4 4 4 4 4 
2.4 2.65 2.9 eels oat 
Low AlO; Low Al.O; 
Low SiO, High SiO, 
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Batch Weights 






































No. l No. 5 No. 21 No..25 
Pa laos alte einem 1114. 891. 1114, 891. 
WTI, RP we oie cite fave” 110. a3 110, 
AiIN® JONI acho ee inte 104. 131. 104. 
PALUCO Tg: ele ciate, ee 39. Seah eae 
Bint’: .'od sp eee eee 192. 240. 
Ballaclayres..t3 2 -A6-e-seaee 108. 

1431; 1401. 1382. 1346. 
Results 

No, I No. 2 No. 8 No. 4 No. 6 
Good. Good. Good. Little Beads. 

Nearly Smooth. Smooth. wavy. 
mat. 

No. 6 No. 7 No. 8 No. 9 No. 10 
Good. Good, Good. Little Little 
Nearly nearly Smooth. wavy. wavy. 
mat. smooth. Clearer. 

No. 11 No. 12 No. 13 No. 14 No. 15 
Good Good Good, Good, Good, 
semi- semi- nearly nearly nearly 
mat. mat. clear. clear. clear. 
; Little Crazed. 

wavy. 

No. 16 No. 17 No. 18 No. 19 No. 20 
Good Good Good, Good, Too 
semi- semi- nearly nearly wavy, 
mat. mat. clear. clear. crazed. 

Wavy. 

No... 31 No. 22 No. 23 No. 24 No. 25 
_ Good Good Fine, Fine, Nearly 
semi- semi- nearly nearly clear. 

mat. mat. clear. clear. Crazed. 





Samples were nearly all good; fusing into clear bright glazes 
along the center of the field and were partially mat along left 
side of field. Color a creamy white. 
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Glazes on left side are by far the best, being almost white 
mats, while on the right-hand side they become clearer and 
finally craze, especially toward the low alumina and high silica 
end. All these glazes have an inclination to bead and craze 
where applied without underslip. Brandywine spar, German 
flint and English ball clay were used for this group. 

Group T shows that high content of spar fuses glazes more 
readily but does not give a perfectly dull mat. Later on groups 
were made to the left of this series to determine whether mats 
could be produced with the given RO (See BO, CR and CA 


groups). 
Group X — Cone 4 





























Formula 
22k) 
.15 MgO a 
4 to .48 Al 1.75 16 2x10) 
ies es 1:75 to Ste 
p35 CaO) 
High Al,O; High AIO; 
Low SiO, High SiO, 
No. 1 No. 2 No. 3 No. 4 No. 5 
48 Al.Os .48 48 .48 .48 
123152S5i0> 2.06 2 Blo 2.687 oO 
No. 6 No. 7 No. 8 No. 9 No. 10 
.46 .46 AG: .46 .46 
175 2.06 Delo 2.687 ae 
No. 11 No. 12 No. 13 No. 14 No. 15 
44 44 44 44 44 
75 2.06 aes ees 2.687 oe 
No. 16 Now 7: No. 18 No. 19 No. 20 
642 42 42 42 42 
75 2.06 23th 2.687 o. 
No. 21 Now22 Noe No. 24 No, 525 
A we: 4 4 A 
RS 2.06 a3 2.687 ot 
Low Al.Os Low AlLOs 
Low SiO, High SiO, 
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Batch Weights 

















No.1 No.5 No.21  No.25 
Spat de na cla eee dol. 445. 668. 445. 
Vil Stor cr oth eas 4S: 140. 210. 140. 
ZAC ORIG 92 ants ora d 121. 97. 145. 97. 
NeCOe a: ol ees 63. 50. 75. 50. 
Ball clay mee ie gee 129. 103: ties 10% 
Chinas clayieset -veske aa: 232. 185. 154. 103. 
Pe DN Ee umrenOr sar carer eRe ae 297. 04. 336. 
1277. 1319. 1463. 1275. 

Results 

No. 1 No. 2 No. 3 No 4 No. 5 
Fine Fine Mat, Medium Too 
mat, mat, little mat. wavy. 

Crazed. crazed. rough. 

No. 6 No. 7 No. 8 No. 9 No. 10 
Fine Fine Good Good mat, Nearly 
mat, mat, mat. little glossy, 

crazed. crazed. . wavy. too wavy. 

No. 1 No. 12 No. 13 No. 14. | No 15 
Mat, Fine ' Fine Fine mat, Semi- 

crazed. mat. mat a little mat, 
texture, wavy. Wavy. 
white. 

No. 16 Nol? No. 18 No. 19 No. 20 
Mat, Fine Fine Fine Little 

crazed. _mat. mat, semi- wavy. 
little mat. 
glossy. 

No. 21 No. 22 No. 23 No. 24 No. 25 
Mat, Mat, Fine Little Little 
wavy. little semi- wavy. wavy. 
crazed. rough. mat. 
































This group was tried to secure a harder and whiter glaze 
than any of the T group. Whiteness is very good. Number 18 
being about the center of the good mats. Perhaps if the MgO 
content had been cut down to .1 equivalent, the glaze would have 
been a little softer and would have produced a few bright glazes. 
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Although ZnO or MgO used singly in large quantities (over 
.4 equivalent) in a glaze will produce beading, it was noted in 
adding both MgO and ZnO that as much as .45 molecules made 
up of the two could be added without signs of beading. 

In the next groups, it was decided to add a small amount 
of BaO to lower the fusion temperature and keep the K,O as 
high as possible. Also to make the sum total of ZnO and MgO 
equal .4 in order to impart sufficient white color to the glaze. 
To increase whiteness still more, it was decided to add .o2 SnO,. 


Group AE — Cone 4 




















Formula 
300 keO 
Be PALS) 
17) CaQ ea toes iO). 2 A 1024-51), 102, sn: 
.05 MgO 
.05 BaO 
Low SiO, High SiOz 
No. 1 No. 2 No. 3 ‘No. 4 No. 5 
.5 ALO; Oo m ae “5 
2.4 SiO, 2.65 2.9 x0 3.4 
No. 6 No. 7 No. 8 No. 9 No. 10 
475 AID rato eAT LATS 
Wye 2.00 2.9 are Ou 
No. 11 No. 12 Noo 13 No. 14 No. 15 
45 45 45 ae 45 
2.4 DOS 2.9 = Bok 
No. 16 No. 17 No. 18 No. 19 No. 20 
.425 425 425 ADE 425 
2.4 2205 2.9 Salo O34 
No. 21 No. 22 No. 23 No. 24 | No. 25 
4 pe A A | oe 
2.4 2.06 2.9 Soi o.4 
Low Al.O; Low AlOs; 
Low SiO, High SiO, 
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Batch Weights 















































No. 1 No. 5 No. 21 No. 25 
SBpiliernph ie os ke vee 1058. 1058. 1058. 1058. 
Wohitineenc @. stat ee 85. 85. 85. 85. 
ZINCRORIGE. 5 cautece saat 141. 141. 141. 141. 
iy Wed Gi © Ayan present FAB Dc 21, 21. 21. 21. 
BACOY? ners eae 49. 49, 49, 49, 
Ballttclaye3..04) thee (7. 154. 25). 25. 
ATCOPLTS tarts arenes 228 ee 5 We BN 
SiQs = ba Jeans ete edt 264. 24. 324. 
SO Os. ss ewe ees ids 14. 14. 14, 

1470. 1788. 1419. 1719. 
Results 

No. 1 No. 2 No. 3 No. 4 No. 5 
Fine Fine Fine Brighter, Fair 

mat. semi- semi- little wavy. 
mat. mat. wavy. : 

No. 6 No. 7 No. 8 No. 9 No. 10 
Fine Fine Fine Bright, a Bright 
mat. semi- semi-mat, little and 

mat. brighter. wavy. wavy. 

No. 11 No. 12 No. 18 No. 14 No. 15 
Fine Fine Fine Fine Too 
mat. semi- semi-mat. semi-mat. wavy. 

mat. Little Wavy. 
wavy. 

No. 16 No.1? No. 18 No. 19 No. 20 
Fine Fine, Clearer Wavy. Too 
mat. nearly but wavy. 

clear. wavy. 

No. 21 No. 22 No. 28 No. 24 No. 25 
Fine, Fine, Clear Clear Too 
nearly nearly but but still wavy. 
clear. clear. little wavy. 

wavy. 





Samples Nos. 6, 11 and 16 were most perfect, no crazing 
being evident in any of the glazes in this group. Norwegian spar, 
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English ball clay and German flint were used. If Brandywine 
spar had been used the result no doubt would have been quite 
different on account of the fusibility of Brandywine over Nor- 
wegian spar. 

It was now decided to increase the number of components 
in the RO and the following groups were made. 


Group AH— Cone 4 
































Formula 
oes, Ke) 
TO Team) 
725 Zn) ; 
AotMe® e271 52 LO. Tas (0.37510), 
10: .BaQ) 
220° Pbh@ 
High AIO; . High Al.O; 
Low SiO. High SiO, 
One No: 2 Nox 3 No. 4 No. 5 
.3) Al.Os fap 35 aa BSD 
1.5510, PeOlo Dh SIRS 27625 3. 
No. 6 No: 7 No. 8 No. 9 No. 10 
<i Wa) 2B 12) 55125 Bak As Bo125 
5 1.875 - DS 2625 oe 
No. 11 Nov No. 138 No. 14 No. 15 
275 (275 275 275 275 
125 1 RS ens DAS 2.625 a 
No. 16 No. 17 No. 18 No. 19 No. 20 
o315 (OS15 2375 oe Te Beato 
5 1.875 22% 2.625 oe 
No. 21 No, 22° No. 23 No. 24 No. 25 
2 22 a 2 2 
$25 1.875 2s 28625 as 
Low AIO; Low AIO; 


Low SiO. High SiO, 
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Batch Weights — 
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No. 1 No. 5 No. 21 No. 25 
Pay Beas eee ee A177, A417. Al7. 417. 
VAT? ce eee 100. 100. 100. 100. 
ZUAC, ORIOC so sie 8c fetes 101; 101. 101. 101. 
NEOKG OVS baie nhasttotae tales 42. 42. 42. 42. 
15 OG Sheer mrermac tiie Se Hibs, $8. 98. 98. 98. 
PpCO een heehee eee . Bass 258. 258. 258. 
Ballnclay Us cee wean 129. 129. 64. 64. 
Chitia Clays Sain penta 129. 12S. cae gtk. 
Flaster eee eee 60. 510. 150. 585. 
LAR ORTUE et encs cue 22... 22. 22. 22. 
Results 

No. 1 No. 2 No. 3 No. 4 No. 5 
Good Fine Good Good, Very 
mat. mat. glaze, clear rough. 

clear. glaze. 

No. 6 No: 7 No. 8 No. 9 No. 10 
Fine Fine Fair, Clear, Very 
mat. semi-mat. clear. wavy. rough. 

No. 11 No. 12 No: Is No. 14 No. 15 
Mat Clear, Clear, Clear, Dull, 

Grueby too too too Immature. 
Texture. wavy. wavy. wavy. 
No. 16 No. 17 No. 18 No. 19 No. 20 
Grueby Too Too Too Dull, 
semi-mat. rough. rough. rough. Immature. 

No. 21 No. 22 No. 23 No. 24 No. 25 
Too mea ics: Too Too Too 
rough. rough. rough. rough. rough. 











The glazes were cream in color with a few good. mats. 
Clear glazes were a little wavy, which may possibly be due to 
the low spar content. 

Trials along the high silica side of the group are profusely 
cracked and are very immature. | 
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By following this group up to the left corner with another, 
increasing the alumina up to .5 molecules would probably bring 
some good results. 

It was now decided to go to the left of the T group to 
ascertain the limits of this field. No good mats were evident 
along the left side of the T group, and it was believed that by 
going further to the left we would find mats. 


Group BO — Cone 4 
In this group it is impossible to keep the RO constant. 


Formula 
ROR 0 AO. 24 to 364-010; 





























Neo: No. 2 No. 3 No. 4 No. 5 
235. K:O 
.20 CaO 
.30 ZnO 4, 4 4 4 4A 
.05 MgO ee 2.65 2.9 3.15 a4 
.05. BaO 
No. 6 No. 7 No. 8 No. 9 No. 10 
.30 K.0 s 
.30 CaO 
lew Ss 8) Zoo .30 ipo » 285 Jon ee OD 
.05 BaO 2 2260 2.9 SalD 3.4 
.05 MgO 
Nosii No: 12 No. 13 No. 14 No. 15 
625 KO r 
-o9 CaO 
EB < ZnO 23 ae a3) 1.3 6 
.05 MgO 2.4 2.65 2.9 $.15 B4 
Nor ba 
Batch Weights 
No.1 No.5 No. 11 No. 15 
Spa es ake eek Res 584. 584. ALT. A417. 
VANIER OE AS eon ice pate nc 3 (oe Moa 105. 105. 
ZAACTOSAGE! io ES Oh io (23 noe dan 
IVE Slee 2 oy J aha.. 127, 12: 1 12. 
BACs spate ee, a 29. 29. 29. 29. 
PB OCR Yrs Aide cea. xe» 38. 38. 38. 38. 


EE ey eee oe Re 36. 72. 144. 324. 
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Results 

No-t No. 2 No. 3 No. 4 No. 5 
Fine Clear Clear Clear Clear 
clear glaze, glaze, glaze, glaze, 
glaze, slight slight slight slight 
slight matness. matness. matness. matness. 

matness. 

No. 6 No. 7 No. 8 No. 9 No. 10 
Clear. Clear. Clear. Clear, Clear, 

. little wavy. 
wavy. 

No. 11 No. 12 No. 138 No. 14 No. 15 
Fine, Fine, Wavy. Not Quite 
clear, clear, mature. rough. 

slightly slightly 
wavy. wavy. 











Results were a disappointment as far as mats were con- 
cerned, but glazes were perfect, especially BO No. 6. Another 
glaze was tried still further to the left of the BO group. 


BP Glaze — Cone 4 
In the following glazes Al,O, was lowered for matness. 


Formula 

16 eA 

36, Zn@ 7A AO 2701), 

34 CaO 

Batch Weights 

SPAL’ Bay dhl okt acho tere eee 167 
Whiting. j.....3 ory Ae ee ee 34 
Zine OXVAC 5, eee <> Ae te eee 29 
Ball-clav sci-o: Ae 8 in-use on ene 26 
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Results 


Glaze was a very good mat except too rough, rather pin- 
holed and lighter in color than most of the glazes of its kind. 


Glaze BZ — Cone 4 


Formula 

sel) 
ei) 
MOOT MCORS- 4eALO, 22510, 03° Sn; 
rO3 bal) 
eQieteat) 

Batch Weights 
a Ea merer tte. Dera star gerd GT 8 Oy, 
ASR SUYG > Se 2 ater ate ee ae 31 
TENTED ORs OU Oy Ee Ao ae a re 29 
TNE) OS EROY A Soe a oe 5 
ISOM poking oo ee ral eee ee 6 
TEC CNS cee aig eae Ra aa ne ele i ara 13 
Oa ite eal ay meta Pace teas atts. ety 2 cn doing cm 13 





~ 
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Glaze BZ was made up using a different RO, replacing part 
of the ZnO with MgO and CaO with a very small amount of 
BaO. 

Results. Glaze a fine, smooth mat, good white and runs 
a little. CA was then tried, which was a continuation to the 
left of the T group, using higher alumina than in the BO group. | 
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Group CA — Cone 4 


























No. 1 No. 2 No. 3 
313 KO) ( K:O 
.46 CaO CaO 
Jo0- 72) .5 AlOs Re aa ZnO 
.05 MgO (252510; 1.8 ZA | MgO 
.03 BaO | BaO 
No. 4 No. 5 No. 6 
Ald Ald, 475 
135 1.8 2.1 
No. 7 No. 8 No. 9 
345 45 45 
a 1.8 2.1 
No. 10 No. 11 No. 12 
425 A425 Age 
Be hae es Pee | 
No- 13 No. 14 No. 15 
LEGO) ( K20 
“42; “CaQ | CaO 
.338 ZnO eee. 
.05 MgO JA A a MgO 
05. BaOy 15 ies gad | BaO 
Batch Weights 
No. 1 No.3 No. 13 No. 15 
Spare SRG Ph a ee (2. 150. 94. 178, 
WHitine-mi sues 388% 46. S28 42. QT: 
ZINCMOKIGS. 91.35 nowede > cine 27. 27. 27. he 
MgCO; Cry thOrcery Thu, Od Catt hOs8 4, 4, 4, 4, 
BACCO. a alee 6. 6. 6. 6. 
Ball clay 2 sas eee 48. 29. 29. ike 
Ghina clay. cs. te er tees 47. 29. 29. ie 
Tat da a ese as ore ee sores Ts eee 1s 
DiC, oe as aoe 6. 6. 6. 6. 
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Results 
No. 1 No. 2 No. 3 
Immature, Immature. Fair, white mat, 
little rough. 
No. 4 No. 5 No. 6 
Immature. Rough mat. Good mat, white 
and smooth. 
No. 7 No. 8 No. 9 
Immature. Fair, white mat, Fair, semi-mat, 
little rough. little rough. 
No. 10 "No. 11 No. 12 
Immature. Fair, white mat, Fine semi-mat, 
little rough. smooth. 
No. 13 No. 14 No. 15 
Immature. Fine white mat. Fine semi-mat, 
smooth. 





It was impossible to keep the RO constant, in the above 
group, on account of the small amount of silica. 

The mats in this group are fairly good but all show a slight 
roughness. CA — No. 12 is the whitest of this group. 


TERRA COTTA GLAZES 


SILICA -AND ALUMINA IN 


300 








G0 C0" 
<OIS 4G G0 7<OIS 6'T G0" 
sOTV Se = | FOV & ner 

| ge" G19" 
[ GZ" GZIG. 

GT ‘ON FI ‘ON 

G0" co: 
<OIS 2S G0" FOMS S6Gr Tt G0" 
‘OV SS" CEO NW Se ae" 

G8" CZIPE’ 

CGC. CISES 

OI ‘ON 6 “ON 

Ord &0° Ord GO’ 

OS8W &0’ O8W G0’ 

FOS Ze OUZ, 66 2 OS 6°15. OZ ace: 
OLY FeO <6 = "OV & -| O80. S16" 
OM 78 O7A 892° 

G "ON FON 





OLAS 
“Ceny. 6? 


SORS aE: I 
"OV SE" 


fOtSe ont 
OWE 


GQ. = 

GQ" 

CE 
SOV 
SLL. 
SL ON 


G0" 

G0" 

CE. 
G16" 
Gcsl” 
8 “ON 


Ord 0° 
OS8W &0° 
OU. ee: 
OF 68° 
OM 06T" 

€ ‘ON 





c0" 

G0" 

CE 
GCrV 
GLET 
él ON 


EONS ual 
eOFTV- S | 


SO 
G0" 
CE 
GLEST 
Gc9Gl 
Leen 


POTS ae FT 
SONTY S86 | 


Ord &0° 
O8W &0° 
Ole ce: 
O®8) Gor’ 
Oops cry 

Z ON 


“OIS $°T 
‘OV ¥ 





EO Sen 1h 
SOUT 35: 


StL 
"OTV SS" 


Ord gO 
O8W &0° 
OUZ ee, 
O®8D gf 
OM OT 

IT ‘ON 


Ord GQ’ 
O8W 0° 
OUze: 
Or) 1¢° 
OF 10° 

9 ‘ON 








OEE 
Ge pare 


Ord 0° 
OW 0° 
OUZ Ze 
O08) F¢° 
OM 0° 

T ‘ON 





¥ au0D — qd dnoin 


SILICA AND ALUMINA. IN TERRA COTTA GLAZES 301 


Batch Weights 











No. 1 No. 5 No. 11 No. 15 
Sa pet ces het oeel fae saan 22.28 189.38 55.7 139.25 
VEE ce es est ca heat Ce. 54. 24. 48, 33. 
Liles OX10C okt) oe fae 25.92 25.92 25.92 25.92 
IVE DASE gt ert c on Sanee ah 4.2 4.2 4.2 4.2 
Da Ope 6 aera! sei ee 9.8 9.8 o.8 9.8 
alitclay i bee jane eet 15.48 15.48 51.6 12.9 
PEER VE int ey «bs Te 38.4 2.4 36. 
Results 
No. 1 No. 2 No. 3 No. 4 No. 5 
Im- Little Good, white Good semi- Good semi- 
mature. lumpy. fairly mat, cream mat, cream 
smooth. color. color. 
No. 6 le No: 7% No. 8 No. 9 No. 10 
Im- Grueby Semi-mat, Semi-mat, Good semi- 
mature. texture. fair texture, fair mat, cream 
cream color. texture. color. 
No. 11 No. 12 No. 13 No. 14 No. 15 
Very Rough. Good cream Nearly Clear glaze, 
im- color, clear, little little wavy, 
mature. semi-mat. wavy. crazed. 











This group is a continuation of the BO group; going to the 
left for mats and replacing K,O with CaO. This group did not 
mat up as much as expected, although there are some very good 
semi-mats. There is a possibility of going lower for clear glazes 
between this group and the BO group. In the above group it 
was impossible to keep the RO constant on account of low silica 
content. 
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Group CR — Cone 4 
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Impossible to keep the RO constant on account of low Al,O3. 



































ge aNor lag ENOL No. 3 Nout. Nae | 
ab ko 
sotncals 
.o2 ZnO 28 25 28 28 .28 
.05 MgO |...: 2. 230 2 6 2.9 one 
.05 BaO 
Constant 
wie 
No. 6 No. 7 No.8 | No.9 No. 10 SnO, 
24 24 2A 24 24 
2. 2.0 2.6 2.9 Be 
es: agi 1 No. 12 No: 18 No, 14 No. 15 
16 KO) - eet 
42 Gao 
,oo -ZnO yA Eo 2 2 x2 
.05 MgO Ze 2S 2.6 2.9 ane 
.05 BaO) | 
Batch Weights 
No. 1 No. 5 No. 11 No. 15 
Sars Sieg nee ee ee 1173 117: 89. 89. 
Witigs “ie ee ae Bi. Sk. 42. 42. 
(LANG OIE os a eeiee 26. 26. 26. 26. 
MegCoO; sist che! eileve (siyenseeMsmernot 4, 4, 4, 4. 
Ba COs eo eee ie er 10. 10. 10. 10. 
Ball clay “icone 18. 18. 10. 10. 
Flint tech. Senet peek 36. 108. 57. 129. 
SOs tute eit is eee 18. 18. 18. 18. 
Rests oe 
No. 1 pb Nae? on No. 3 No. 4 No. 5 
creatine Cream, Little Im- Im- 
semi-mat. » Semi-mat. : immature. mature. mature. 
No. 6 No. 7 No. 8 No. 9 No. 10 
Cream, Immature. Immature. Im- Im- 
semi-mat, ; mature. mature. 
wavy. 
No. 11 No. ad No. 13 No. 14 No. 15 
Immature. | Immature. Immature. Im- Im- 
mature. mature. 
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Continuing lower than the BO group, it was noted that it is 
almost impossible to obtain satisfactory results by adding SnO, 
to a good alkali glaze without altering the glaze decidedly. The 
glazes invariably become wavy and do not flow readily. They 
present every appearance of being too high in alumina. It is 
evident in this type of glaze that the Al,O, should be lowered 
when SnO, is introduced. 


Group DK — Cone 4 












































Formula 
pa iC) 
.36 ZnO 
EES -3 to .5 Al,O,}2. to 3.2 SiO, .05 SnO, 
p33) 
High Al.O, High Al.O; 
Low SiO, High SiO: 
No. 1 Noo? Novo No. 4 Noss 
5 AlOs 3, <a) va 3) 
eer Oe te: 2.6 2.9 38 
No. 6 - No, % No. 8 No. 9 No. 10 
45 g45 LS 245 AB 
Ou es 2.6 2.9 ae 
No. 11 No. 12 No, te No. 14 , No. 15 
A 4 “A A 4 
2 ou 206 Ves Se Bae 
No. 16 No. 17 No. 18 No. 19 No. 20 
“oo a .85 200 poe 
ye : Pees 226 . Feo ce 
No. 21 No. 22 No. 23 No. 24 — No. 25 
3 os oO a ea 
2 2.3 2.6 2.9 5 
Low Al.O; Low Al.O3 


High SiO, High SiO, 
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Batch Weights 














Nort No. 5 No. 21 No. 25 
Spsncitennoue ee oe 136: 139 139 139 
AY iL cit kage OMe yelioe Pence 33 33 33 33 
TACO CSG. ots oe 29 29 29 29 
WESC Oe cre ae. oie ee 5 5 5 5) 
BallClaytai see an ee oe 10 10 13 13 
Citing clay 4.0 ts ane 54 04 ke * 
Blint 2.45 eae eee ene See i 24 96 
Sac: syns stal Usa Seva a Spotutsu teh cesta genet Moles % : 7 a 7 
Results 
No. 1 No. 2 No. 3 No. 4 No. 5 
Im- Immature. Immature. Immature. Fair mat, 
mature. little rough. 
No. 6 INOway No. 8 No. 9 No. 10 
Im- Immature. Good mat. Hard mat. Semi-mat, 
mature. too hard. 
No. 11 No. 12 No: i3 No. 14 No. 15 
Mat, Mat, Good mat. Fine Fine, 
crazed. crazed. semi-mat. semi-mat. 
No. 16 Nox 17 No. 18 No: 19 No. 20 
Mat, Mat, Semi-mat, Clear but Clear 
crazed. runs. runs. rough. but rough. 
No. 21 No. 22 No. 28 No. 24 No. 25 
Good, Good, Fine, clear Good, clear Good 
clear. clear glaze. glaze. clear glaze. 
glaze. 








Group DK — Cone 4 

In this group as much Cornish stone as possible was used. 
The same proportion of silica and alumina was used as in previ- 
ous DK group. 

This group has some fine white mats about the center and 
fine clear ones along the lower right hand corner. Color a very 
good white. Brandywine spar used. 
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Group DK was made up using all Cornish stone possible. 
The best of this group for matness is No. 13 though undesirable 
as to smoothness, the surface being pitted. It is not as good as 
the spar mat. Number 24 1s the best white enamel and shows 
a fine white color. 

The use of Cornish stone in this group shows that it im- 
proves an enamel decidedly (at this temperature), but glazes 
are not so smooth as with spar. Cornish stone seems to impart 
a lower viscosity to a white glaze and causes it to flow over 
imperfections on the clay with much more ease than spar. 


Group DM — Cone 4 




















Formula 
2 i) 
CAG) 255 a. | 2 710,375 oI, Os olen 
.3 ZnO 
High Al,Os High Al.O, 
Low SiO. High SiO, 
No. 1 No. -2 Nos No. 4 Nosed 
AS ALO. aa 45 45 ‘45 
2, SiO, 2. ol 2.40 ole So 
No. 6 No. 7 No. 8 No. 9 No. 10 
A ea A A 4 
a PES a. to SalZb ee 
No. 11 No. 12 Nowis No. 14 No. 15 
LOD vo Pou 130 .B0 
a LAA E Beto oek2o on 
No. 16 No; 17 No. 18 No. 19 No. 20° 
ea) eS Me oO a 
Ae 2.315 ar as Sokoo B25 
No. 21 No. 22 | No. ‘23 No. 24 No. 25 
25 125 aide: ry rp) 
Oe 2.375 Ite aikeo 3.5 
Low AI.O3 Low AIO; 
Low SiOz High SiO. 
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Batch Weights 
No. 1 No. 5 No. 21 No. 25 


PONV AC Se ori «AUN ben's orcs: Tht 111 111 111 
VV elite tte otc ee ss 50 f OQ 50 50 
PIUCCORIGE oars th. 24 | 24 24 24 
Pa Clay oo 4. ek ae Pe 10 we 10 10 
fehimasclayit «kes 5s. 54 54 3 Pon 
PG =e nok une salad 18 108 42 132 


SnO, SIE O61, G OOOO RRE 7 : 7 if WA 
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This group has no pronounced mats but some very good 
semi-mats. The clear glazes are very good but have not the 
clear tone that glazes would have with more elements in the RO 
or less CaO. As for whiteness this group was very good. 


Group DN — Cone 4 


























Formula 
(23 ® 
PA0s 71K) 
.03 MgO \ .25 to .45 Al,O, { 2. to 3.5 SiO, .05 SnO, 
705 BaQ 
P20 Cae) 
Low SiO, High SiO, 
No. 1 INO. No. 3 No. 4 PENOs 5 
AD aC). 45 45 .45 45 
oh SiO; DOO AAD 3.125 20 
No. 6 INGane No. 8 No. 9 No. 10 
ant af ca 4 4 
tee 2.375 2.15 Bel 25 ee 
Noll No. 12 No. 13 Now No. 15 
SOO SSD 85 a5 [BO 
2.0 Pies ft 2:9 32125 oD 
No. 16 No. 17 No. 18 No. 19 No. 20 
mo <o 3 os ‘ 
220 NATE 2.75 o.125 oo 
Nowak INOw=22 No. 23 No. 24 No. 25 
fra D5 soo vO0 sD 
PA Zot ger es Orla aie 
Low AIO; Low AIO; 
Low SiO, High SiO, 
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Batch Weights 54 
No. 21 
































No. 1 No. 5 No. 25 
Sid tes Goosen d ed wacen see 128 128 128 128 
W Ditties eee 29 29 29 29 
ZANG OSICe: ose ties 32 32 32 32 
Me COst 2 fcc Socks eee 2 2 2h 24% 
Dass oh ere LOS: Fe 10. 10 10 
Baliclay=. 2s ewe 10 10 5) 5) 
China stig yes ee 47 47 = a 
Pelifit) Saar EA ore 11 101 35 125 
Sts ak ee cee eee 7 7 O Agoukce 7 
Results 
ING. 4 No. 2 No. 3 No. 4 No. 5 
Hard Good Alli- Wavy, Wavy, 
mat, mat, gator semi-mat. nearly 
crazed. hard. mat. clear. 
No. 6 No. 7 No. 8 No. 9 No. 10 
Aligator Mat, Rough. Fair — Fair— 
mat, crazed. Cleat clear. 
crazed. 
No. ll No. 12 No. 13 No. 14 No. 15 
Slight Crazed. Clear: Clear. Rough. 
segregation 
of particles. 
No. 16 No. 17 No. 18 No. 19 No. 20 
Slight Clear Clear. Clear. Fair— 
segregation but clear. 
of particles. pinholed. 
No. 21 No. 22 No. 28 No. 24 No. 25 
Slight Clear Clear. Clear. Good, 
segregation but clear. 
of particles. pinholed. 

















This group shows no good mats but some very good semi- 
mats. The clear glazes lose some of their color due to the. use 
of BaCO,. Number 24 is best and a fine white. So far, the 
use of BaCO, for mats has not proved a success even with small 
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additions. Probably with a high content of BaCO, one could 
obtain a mat with suitable texture, but BaO added in smal? 
quantities tends to lower the fusibility especially in the presence 
of a large number of components in the RO. The more ele- 
ments in the RO, the more it will dissolve SnO,. Barium in the 
above series has a strong tendency to decrease white color. 

- In the usual experimental work it is quite evident that we 
should vary the base, intermediary and acid to obtain the desired 
results, and when we alter the base we should expect to alter 
the intermediary and acid. , 

We note in reviewing the groups that high alumina and low 
silica produce immature glazes in most cases, and where they do 
fuse they have a tendency to flow, and crazing is usually present, 
although crazing increases toward the low silica and low alumina 
corner. 

The low alumina and low silica corner produces crazing, pin 
holes, immaturity and where SnO, is used it leaves the SnO, 
apparently undissolved. (See result of DM and DN groups). 

It was noted that in group DK the glazes were clear even 
in the low silica and low alumina corner when the SnO, was 
present, but the lowest alumina molecules were .3 whereas in 
groups DM and DN the molecules were .25, which might account 
for it.. This segregation might also be attributed to a slight reduc- 
ing atmosphere in the kiln. When the finishing fire was forced 
by the use of strong air pressure, this same segregation of 
particles was apparent. When the finishing burn was carried on 
with low air pressure, giving perfect oxidizing atmosphere, the 
segregation was not apparent. 

The high silica and high alumina corner produces beading, 
immaturity and waviness although no crazing is observed. 

The low alumina-high silica corner produces fair, bright 
glazes, but in nearly every case the glazes show waviness becom- 
ing rougher toward the high silica and high alumina corner. 

Group R shows that the use of .1 molecule of PbO and low 
spar content produces good glazes and mats between .2 to .35 
Al;O, and 1.5 to 2.25 SiO,. A glaze having this RO seems to 
cover the body well, having less viscosity than a glaze without 
lead. 
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Group S shows that low spar content, high ZnO and MgO 
(.41 molecules together) produce a very hard viscous glaze which 
requires more heat than cone 3. The only glaze which fuses has 
sh Als@: and 2. ssi) 

It will be noted that group DK which has a similar RO 
including .o5 SnO,, produces at cone 4 about the same texture 
glaze as .35 Al,O, and 2.6 SiO,, although with .35 Al,O, and 2.0 
SiO, it is crazed and matted. It evidently takes a trifle more SiO, 
to dissolve the SnO,,. | 

The average ratio between silica and alumina producing mats 
and semi-mats is given below. These glazes are selected at 
random from each group, but illustrate that where no SnO, is 
present a good mat is produced with a ratio of I to 5, whereas 
with .o5 SnO, the ratio changes to I to 6, and where .12 SnO, is 
used the ratio becomes 1 to 7. 


Glaze Numbers. AlsOs 


a 
fe) 


SnOr Ratio 


DOTIN Ohare 44 2.06 () Pte 4.6 
AKIN O94 68. .ne ene AT 2.40 02 isto; oel 
CRA SIN Oia Oo ec tene. s 45 2a) 04 Lf0L on 
DIINO AGir eae ee 45 2.6 05 140.635 
DNUENO foes cee 45 2.19 .05 toto. Og 
GR IUNG LU EL Te en 28 2.00 “2 i is ie toy ee 


Group T shows that high K,O produces good bright glazes 
between #4 t6-.5 ALOwand 27 107270 Sie. 

Group X shows that with high content of MgO and ZnO and 
low K,O, the range of glazes lie only between .4 to .48 Al,O, and 
2.00 10: 2.06 .510)5. 

Group AE shows that with fairly high K,O and a trifle less 
ZnO and MgO than the X group, the fusing point is lowered; we 
have-avrange of from 4/10) -5 71.0, -and. 2.4 anaa2o a and 
much whiter and better glazes than in group X. 

Group AH shows that, with a very low content of K,O, even 
the addition of .20 PbO gives us only a range of from .312 Al,O, 
to:425.A\D@ceands tromatcsutonc. 25 S16) 

Group BO using high K,O gives us a range from .3 to .4 
AOS andetronii2.45t0 72.0: 510),, 
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Group CA gives us a narrow range on account of the K,O 
content being low but produces fair glazes between .4 and .5 
PO) cand e2e SiG)... 

Group CF containing very low K,O together with low SiO, 
produces glazes between .3 to .4 Al,O, and 1.6 to 2.2 SiQ,. 


Group CR ranges between .24 to .28 Al,O, and .2 to 2.3 
SiO, evidently on account of high content of SnOQ,. 


Group DK having a medium amount of K,O produces a 
fairly good range of from .3 to .45 Al,O, to 2.6 to 2.9 SiQ,. 


Group DM having high content of CaO gives us a range 
Ormironns25 10 e421). and -2.375.to: 35125 S10.; 

Group DN being harder than DM group on account of the 
high ZnO and MgO content, gives us only a range of from 
.25 to .35 Al,O, and 2.75 to 3.1 SiO,. Brandywine spar was used. 


Comparing this group with the AE group we note that the 
latter contains more K,O, less ZnO and less CaO, and the range 
is .4 to .5 Al,O, and 2.4 to 2.9 SiO,. Norwegian spar was used. 


From this comparison, we infer that for good mats use a 
rather hard spar and introduce at least .35 to .38 molecules K,O, 
using less than .35 molecules of ZnO and fairly low CaO. For 
clear glazes, using the BO group for example, try .3 K,O, .3 CaO, 
.3 ZnO, .o5 BaO and .o5 MgO. 

Regarding the ratio between the RO, alumina and silica, we 
have picked five good mat glazes from the groups, each with a 
different RO, and it may readily be seen by comparison that the 
ratio of silica to alumina and also the ratio of silica and alumina 
to the RO is by no means similar. (Mat glazes as follows :) 


DK — 13 
ere 
.36 ZnO 264210; 
PreaMeOeitte. 2: | os SnO, 


33. CaO) 
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AE —1 
Bo5kO 
35° ZnO 
17 CaQi ice ALG, toe ae 
os. MgO a eae 
05 taao) 


02 K,O 
ee aio 44 AlO, { 2.06 SiO, 
35 Ca@ 


DM-8 
024K) 
405 CaO 
03 Zn@) 


27 lo 
40s | 05 Sal), 


CA — 14 
25 KO 
34 CaO 
ee FnO A AUG). ele 
0s MgO .04 SnO, 
082Bal) 


It appears that whatever- RO is selected one can find a com- 
bination of silica and alumina which will be best suited to it 
although the temperature may have to be raised a trifle for a very 
hard?RO: : 

The materials, duration of burn and time of cooling decidedly 
influence the results, and if materials other than those mentioned 
in this paper are used, it will be necessary to make up a new 
group as results will differ widely. 


NOTES ON BARIUM GLASSES 


BYaAS i WILtAAMS-AND’S. F: COX 


The value of barium and the properties which it imparts 
to glasses presents a subject of sufficient interest to make ex- 
perimental work desirable. The following work was planned to 
gather information regarding the various physical and chemical 
properties of a series of glasses and also the specific properties 
imparted by adding barium in varying amounts to a highly al- 
kaline glass. 


The literature regarding the use of barium in glass is rather 
meager and consists in most cases of an expression of opinion. 
It has been reviewed by Silverman? in a recent paper, and pre- 
sents the ideas of various writers regarding the value and pos- 
sible use of barium. 


As a summation of the same, one may conclude that barium 
acts as might be expected from its position in the periodic table. 
It will replace lime or lead to any extent and decrease solubility 
in the same manner as lime or lead, although possibly not to 
the same extent. In addition, barium is said to impart some- 
what more brilliancy and strength than lime, and to flow well 
in molding, in other words, produce a more plastic glass. This 
is caused possibly by a slower rate of change of viscosity with 
temperature. 


The experimental work was planned, moreover, with the 
idea of producing a highly insoluble glass having reasonably 
easy working properties. It was desired, also, to determine the 
specific properties of a potash barium glass as compared with a 
soda barium glass, the properties of which the literature dis- 
cusses in a more or less brief manner. A group of 42 glasses 
was made consisting of glasses varying in composition? from 

1The Use of Barium Compounds in Glass, Alexander Silverman. Jour. Soc. 


of Ghem: Ind., Aprs.30,- 1915; 
2See Tables I, II, and III, showing composition. 
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that comparable to a Jena soft crown to a dense barium crown, 


thus giving glasses of a wide variation in solubility and working 


properties. 


MOLECULAR FORMULA OF GLASSES 


TABLE Il. 








oe 
vy, 


ZnO 


BaO 


Na,O 


SiO, 


sH oH oH OSH OH OH OH OH OSH OH HH HHH HSH ttt ttt tt tt tt 
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The raw materials used in preparing the batches for these 
glasses consisted of ground potters flint, commercial zinc oxide, 
58 percent soda ash, commercial potash, and precipitated barium 
carbonate. 


A 300 gram batch was made which, after being weighed 
out, was thoroughly mixed by passing through a 20 mesh screen, 
several times.. The melting was done in a Steel Harvey tilting 
furnace, heated with fuel oil. Four batches were melted at once 
in Battersea crucibles. The process of melting was to heat the 
crucibles to about 1200° C., pour half of the batch in each cru- 
cible, raise the furnace to about 1400° C. to fuse the batch in 
the crucible then add the remainder of the batch and proceed 
with the melting. In melting, the furnace was raised to about 
1450° ‘C--for the*softer glasses and:to- about 1550°.C. for the 
harder glasses. The furnace was held at this temperature for 
six hours when the glasses were, in nearly all cases, well melted 
and free from bubbles. When melting was completed, the 
glasses were poured into a hot iron mold and removed as soon 
as solid to a tempering oven. Here, they were cooled from a 
temperature of 500° C. to atmospheric temperature in about 12 
hours. 


RESULTS OF EXPERIMENTAL WORK 


The properties which were determined either by observation, 
or calculation are: Ist, a relative idea of the working properties, 
such as ease of melting and molding, comparative appearance 
with respect to brilliancy; 2nd, density; 3rd, coefficient of ex- 
pansion; 4th, solubility ; 5th, devitrification properties ; 6th, soft- 
ening point; 7th, viscosity range. 

Working Properties. The potash barium glasses showed 
a decided increase in brilliancy with increase in barium. Glasses 
which contained no soda and five-tenths of a molecule of barium 
appeared to have a comparatively better lustre than some high 
quality cut glass goods. 

The glasses were increasingly more difficult to melt as they 
approached the high silica-high barium corner of the diagram, 
barium increasing the refractoriness much more than silica. 
Glasses Nos. 30 and 36 to 42 were very hard to melt and at 
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1550° C..were much too viscous to pour from the erucible into 
the mold. Of these eight glasses, Nos. 36 and 42 were not free 
from bubbles when melted for 6 hours at 1600° C. The balance 
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of the glasses were not difficult to melt and became fluid enough 
to flow easily within the range of temperature mentioned above. 
Those high in barium poured best and remained viscous or plas- 
tic like a lead glass, apparently longer than the high soda potash 
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TABLE II. PERCENT COMPOSITION OF GLASSES 
== eNO: | SiOg Na.O .BaO ZnO | : K,0 
| | | 
| percent percent | percent percent | percent 
| 
1 66.3 | 13u0 Peek tees Lem 3.6 165 
2 63.6 10:5 | 6.5 ae | 16.0 
3 61.4 7.6 | 12.5 Boe 15.4 
4 59.0 4.9 18.0 ae 14.8 
5 5 ewe | 203 | coe | 14.3 
6 Dee eS coment cat's 28.0 3.0 13.8 
ri 70.0 | Le as A Seat eg a2 14.6 
8 | Gict 9.3 5.8 30 14.2 
9 65.4 | 6.8 Ieee BPS 13:7 
10 63.4 4,4 | 16.2 208 13-2 
Hi 61.4 Bat | 20.9 2.8 12.8 
12 A jee See 2 Aaa ea | D8 heey é | 12:4 
13 tons Tete Pe Pe ee 2.8 sh 
14 | 71-1 8.4 5.2 Oe | 12-7 
15 69.0 6.1 | 10.0 207, | 12.6 
16 | 67.0 | 3.9 14.6 OG | 1220 
17 | 65.0 1.9 19.0 We | 11.6 
18 Gato ender aa 23.0 2.4 | 113 
19 Took I es a ae ee ea 2.6 11.9 
20 | 13.7% 7.6 ASE eb | 1135 
2h vg ay: sees | 9.1 2:4 me ss 
22 69.8 356 | joss 2 4 11.0 
23 68.0 Ee | Lie 2.3 10.7 
24 One ie anal ote See | 21.0 hg 10.4 
25 78.0 8.9 ae ee Dee | 10.8 
26 | 76.0 5.6 | As ea | 10.6 
27 74.0 Pe | 8.4 2.2 | 10.3 
28 | 12:3 ao 122 2.2 | 10.1 
29 10.8 146 | 16.0 2.f 9.8 
30 i cipae Eo, T's oat Rom Weer eee ean | 19.5 rp! | 9.6 
31 79.6 8.2 WRIST ue wile BR 2 20n | 10.0° 
4 TLS | 6.4 | 4.0 Ae | | 9.8 
3a | 76.0 AT | coy 2 00% 9.5 
34 74.4 Ban | aig a4 2.0 9.3 
35 G2 2% 15 | 14.8 ee, 9.1 
36 lk Pet ashe co: | 18.3 1.9 | 8.9 
296 81.3 | b.6 pee ae, Pe 250 9.2 
38 79.4 6.0 ba 1.9 | 9.0 
39 CE | 4.4 | Uw 1.9 8.8 
40) 76.3 | 2.9 | 10s ins | 8.7 
4] 74.6 1.4 18.7 1.8 8.5 
42 MOMUD oie eee kee 16.9 1.8 8.3 
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TABLE III. BATCH WEIGHT OF GLASSES 
SiO, | NaegCOg | BaCOg | K.CO3 | 
150 TOPE ee cee 75.2 | 
150 56.4 £927 75.2 

150 42.3 39.5 | 75.2 

150 28 .2 57.2 75.2 

150 14.1 190 75.2 

UU a a pape ls 98 .7 75.2 

180 Ie peas eee Se 75.2 

180 56.4 19,73. 4b 275. cue | 
180 42.3 39.5 | 75.2 | 
180 289 57.2 75.9 

180 | 14.1 79.0 75.2 

ich = 1. eae 3-965 ko Agha aap 
210 VR ft eee 75.2 

210 56.4 19.7 15.2 | 
210 42.3 39.5 | 75.2 | 
210 | 28.2 | 57.2 70.2 

210 14.1 79.0 75.2 

ZAO re Rh, siaeu ee eee lel. 75.2 

240 T0500) oh se gates 75.2 | 
240 56.4 1927 | 75.2 

240 42.3 39.5 75.2 

240 28.2 | 57.2 75.2 

240 14.1 79.0 70.2 

240 0S ar) Woke tee 98.7 75.2 

270 TO BR Soe eee 75.2 

270 56.4 19.7 75.2 

270 42.3 39.5 75.2 

270 | 28.2 57.2 75.2 

270 | 14.1 79.0 75.2 

Dd ke Si faldn a ene 98.7 | 75.2 

300 TO, BALE tee. ance, enema 75.2 | 
300 56.4 19.7 15.2 

300 42.3 39.5 | 75.2 

300 989 | 57.2 75.2 

300 14.1 79.0 75.2 

DOW Ray tek ok weemperntek 98.7 75.2 

330 TBs Mik oh ee Aspe 
Bales har tee mea L0cy. mune 

330 42.3 | 39.5 | 75.2 | 
330 28.2 57.2 | 75.2 | 
330 14.1 79.0 75.2 
DoOy © - es Meee Seem | 98.7 | 75.2 : 
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glasses. The apparent comparative working properties of the 
glasses are shown on the diagram Fig. I. 

Density. Due to the work of Winkleman and Schott’, 
factors are available from which the density of glasses may be 
calculated. The formula and factors used in the calculation of 
density are given herewith. 


Seas vie ae 100 














fp 
ES Ze Los > 

A = percent of oxide in glass. 

Views se 861 | 

Sie Density. 


Factors — S10, = 2.3 — ZnO =5.9— BaO = 7.0- 
— Na,O = 2.6—K,0 = 2.8. 


' The density of the glasses made was calculated from the 
above formula and are given in Table V. For purpose of check 
and comparison the densities were also carefully determined by 
the suspension method. Fragments of glass weighing about 5 
grams and carefully chosen, so as to be free from bubbles were 
used for this purpose. 

A comparison of the two sets of data* does not show any 
particular direction for an increasing error except that the error 
is generally greater in the glasses containing .5 mol. of BaO 
rather than the glasses containing .5 mol. Na,O. There is, how- 
ever, nothing which would indicate the incorrectness of any one 
factor. 

As the table shows’, high density: is obtained in the low 
silica, high barium corner of the field and low density in the 
opposite corner. As would be expected from the factors in- 
creasing SiO, decreases density and increasing BaO increases 
density, the densest glass (No. 6) showing a density of 2.990 
and the lightest glass (No. 37) having a density of 2.385. 

Coefficient of Expansion. The coefficient of expansion of 
this group of glasses was calculated by use of Winkleman and 
Schott’s factors.° The following factors were used which when 

3 Jena Glass, Hovesetadt, p. 148. 


4Tables IV and V 
> Tables 1V and V. 
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multiplied by the percent of oxide used give by addition the 
value of the cubic expansibility 3a in mm. per degree C. multi- 
plied by 10’. 

Na,O — 10.0, K,O — 8.5, BaO — 3.0, ZnO — 1.8, SiO, — 0.8. 

This gives a range of expansibility approaching that of metal 
to an expansibility nearly as low as is reported for glasses. The 
maximum linear expansion (a) being .ooool12 as compared with 
the expansion of iron .oooo13. The minimum expansibility cal- 
culated, (glass No. 42) = .oooo0609. Sullivan’ reports a new 
glass having an expansibility of .0000032. Hovestadt® reports 
a Jena zinc borate glass having an expansibility of .0000037. 

The expansibilities shown,® however, would be considered 
quite low for a glass free from boric acid. 

Solubility. The best means of determining the solubility 
of glass in water is open to discussion. It seemed to the writers, 
however, that the great activity of water at high temperatures 
as a solvent, made the method used quite desirable for deter- 
mining the actual solubility of these glasses. E. C. Sullivan’? 
in a recent article describes a method quite similar as the most 
accurate one. Following is a description of the method used: 
Glass plates were prepared having a size closely approximating 
the dimensions 0.35 cm. by 4.0 cm. by 8 cm., the four thin edges 
being ground on a wheel. 

These pieces were accurately measured with calipers and 
their areas calculated. The pieces were soaked in distilled water 
for 48 hours, after a thorough cleansing with alkali water. After 
the 48 hours soaking, they were placed in glazed porcelain cas- 
seroles, a definite amount of distilled water (200 cc.) was added 
and kept at a temperature of 80°.C. in an electric oven for 24 
hours. A practically constant volume of water was kept in the 
casseroles by keeping the atmosphere of the oven saturated. This 
latter was necessary to control the concentration of the solu- 
tion. The solution was then poured into a platinum evaporating 
dish, the glass and casserole washed with 50 cc. of distilled water 


6 Jena Glass, Hovestadt, p. 217. 

7 Development 4 Low Expansion Glasses. A. C. Sullivan, Jour. Ind. and Eng. 
Chem., May, 1916, 399. 

8’ Jena Glass, Hopeecar Da 246; 

Soha blem vals. 

10 Development of Low Expansion Glasses, E. C. Sullivan, Jour of Ind. and 
Ling. Chem., May, 1916, p. 399. 
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which was also added to the solution, and the solution evaporated 
to dryness and weighed. 


Several blank determinations were made on the distilled 
water and casseroles, and the blank determined subtracted from 
the total weight. 


A few determinations of solubility were run using a definite 
weight of ground glass of a definite size of grain, the relative 
solubility of the various glasses showed practically no different 
than shows by the method used. 
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The solubility of these glasses is shown in Table A ES exe 
pressed in grams x 10° per square millimeter of surface exposed 


to the solvent. Their physical appearance is also described in 
Paplecyiilt: 


Figure 2 shows the glasses classified into three groups, those 
of excessive solubility, that is, glasses too soluble to be practical 
for any ordinary purpose are classed in Group I having a 
solubility greater than 1.0 gm. x 10-° per sq. mm. surface. The 
glasses in this group all showed more or less disintegration in 
the solubility test, some showing only a few chips or spalls, and 


TABLE IV. OBSERVED DENSITY OF GLASSES 
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1 2.456 Olen 
~2 2.493 16 
3 2.681 17 
4 2.758 18 
5 2.863 19 
6 2.985 20) 
7 2.478 21 
8 2.567 29 
9 2.650 23 
10 2.720 24 
11 2.799 25 
12 2.865 26 
13 2.451 27 
14 9.583 28 
| 
TABLE V. CALCULATED 
1 2.462 15 
2 2.548 16 
3 2.668 17 
4 2.781. 18 
5 2.885 19 
6 2.990 20 | 
fs 2.448 21 
8 2.528 22 
9 2.630 23 
10 2.720 24 
ist 2.800 25 
12 2.912 26 
132 Ale? 2 498 27 
14 | 2.513 28 
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657 
750 
815 
427 
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559 
622 
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670 
692 
411 
483 
495 
043 
615 
656 
379 
439 
499 
002 
O18 
630° 
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675 
138 
398 
.458 
020 
O15 
639 
700 
385 
444 
O01 
000 
615 
672 


TABLE Vi. CUBICAL EXPANSION — 3a (CALCULATED) 
Expressed as 10’ times the cubical expansibility per mm. per degree 











C. Interval 0-100°C. 

1 336.83 15 
2 317 52 16 

3 309.59 17 

4 287 .96 18 

5 266.68 19 

6 PE loldee: Coles ss 190 

7 316.96 21 

8 290.80 22 

9 275 37 23 
10. 260.54 24 

u 251.69 25 

12 233.76 26 

13 283 .09 oT | 
14 269.36 98 | 





258 .06 
243.08 
231.10 
219.94 
264.48 
251.40 
239.24 
229 .62 
223 .24 
208 .36 
247 .34 
235.84 
226.96 
217.36 














207 .38 
198 .98 
234 .66 
225.28 
215.20 
207 .00 
198.42 
190.82 
222.80 
214.52 
206.12 
198 .74 
190.44 
182.94 
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others being so badly disintegrated that they may be picked to 
pieces. Special attention may be called to glass No. 2 showing 
an extremely high solubility. Several check determinations were 
made on this glass from the same melt and from different melts. 
This glass also shows a marked difference in its working prop- 
erties as compared with the others, it being an exceptionally soft 
glass. | 
In Group 2 on Fig. 2 the solubility of the glasses are all low 
enough for any purpose except chemical glass ware, the solu- 
bility of this group being between I.0 grams and 0.1 grams x 
10-° per sq. mm. These glasses showed no signs of disintegra- 
tion in the solubility test. 

The glasses of group three, having a solubility below 0.1 
grams x I0-° per sq. mm. of surface, are practically insoluble 
many of them showing a solubility within the variation of the 
blank. In this group there are also many apparently easily 
workable glasses as Nos: 11, 12, 17, 18, 22, 23, 24, 28; 20 and 30. 

It will be noted, first, that increasing BaO shows a much 
more marked decrease in solubility than increasing silica ; second, 
that a glass containing only two and one-half molecules of SiO, 
is practically insoluble with five-tenths molecule of BaO; third, 
that at least three-tenths molecule of BaO is required to produce 
a highly insoluble glass: 


Devitrification. The method of determining the devitri- 
fication properties of these glasses was to heat a sample of each 
glass in a muffle furnace according to the temperature curves 
shown on Fig. 3. The samples were placed on an asbestos board 
in the muffle furnace and heated and cooled according to curve 
marked A. They were then examined and reheated according to 
curve B, etc. By using this method of heating up to the glass, 
the relative tendency of the various glasses to devitrify would 
make itself evident. 

None of these glasses showed any indication of devitrifi- 
cation in pouring or annealing. In the heating of the glasses to 
produce devitrification, not any of them showed complete de- 
vitrification or become opalescent throughout the glass. Fifteen 
glasses showed surface devitrification after being reheated to 
700° C. This increased in the two heat treatments following at 
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800° C., but at no time was the devitrification more than a super- 
ficial film, nor did it show up on any other glasses except those 
which showed this property at 700° C. All glasses except those 
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containing 5 mol. barium were heated beyond the deformation 
point. 

The glasses which showed surface devitrification are shown 
in Fig. 4, which indicates that barium in these soda potash zinc 
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HABEE Vil; =SsOeUBIEITVES 
Expressed in Grams X 10° per sq. mm. of surface exposed to 


























sotreat, 
| : | 

1 8.194 joer 908 29 0859 
2 109.70 16 eOLTS 30 0252 
3 1.207 17 0620 31 1.348 
4 .4609 18 .000 oe. |) 2522 
5 .1405 19 5.688 33 .2463 
6 0396 20 857 a Bh Nk 
a 18.390 oh ee 274 : 35 .0176 
8 1.470 22 0438 36 .0102 
9 1.569 23 .0339 37 | .4909 
10 .1418 24 .0500 38 .1958 
11 .0180 25 3.497 39 . 1488 
12 0280 26 6276 40) 0824 
13 7.708 21 0707 Al .0340 
14 1,283 28 0882 42 | .0683 
) | 

TABLE VIII. APPEARANCE OF SAMPLES AFTER SOLUBILITY TEST 

1. Surface very badly spalled and disintegrated, not cracked thru much. 

2. Surface slightly worse than No. 1, more deep cracks. The water 
about this sample was evaporated to dryness. 

3. Surface shows a considerable number of spalls and small cracks. 
Very muchi improved over No. 1 and No. 2. 

4. Does not show disintegration nor spalling off like Nos. 1, 2 and 3. 
Water was evaporated to dryness about this glass and it cracked 
badly. 

5. No apparent disintegration. 

6. No apparent disintegration. 

7. Surface not spalled and cracked, Much like Nos. 1, 2 and 3, but com- 
pletely covered with white film of soft granular material, giving the 
glass a streaked milky appearance. 

8. Only about a dozen smali spots where glass has spalled off. No 
scum on surface. 

9. Spalled about same as No. 8. 

10. Very clear glass, no apparent disintegration. 

11. No apparent disintegration. 

12.. No apparent disintegration 

13: -Surface all ae spalled in a few places, AUSTEREO not any better 
than: Nos7*1; 2/3, and‘%, 

14. Just three Lobe chipped or spalled spots. 

15. Apparently no disintegration. 

16. -Apparently no disintegration. 

17. Glass cracked in a couple of places. 

18. Apparently no disintegration. 
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19. Spalled considerably, and has a faint white scum. Considerably 
betret tian Nosicl.2. a: Fe and :13. 

20. About a dozen chipped and spalled spots. 

21. No apparent disintegration. 

22. No apparent disintegration. 

23. One sample surface badly chipped, disintegrated; evaporated 
to dryness. Another melt made. 

24. No apparent disintegration. 

25. Surface badly chipped and spalled, thin film of white scum, but less 
than No..19. 

26. No apparent disintegration. 

27. No apparent disintegration. 

28. No apparent disintegration. 

29. No apparent disintegration. 

30. No apparent disintegration. 

31. Surface covered with superficial cracks and shows a few spalled 
spots, a slight film of scum in spots. Much better than No. 25. 

32. No apparent. disintegration. : 

33. No apparent disintegration. 

34. Piece cracked thru, from pouring cold water on hot glass. Water 

~ evaporated to dryness during solubility test. ) 





30. O apparent disintegration. 
36. apparent disintegration. 
ae apparent disintegration. 
38. apparent disintegration. 


apparent disintegration. 
apparent disintegration. 
apparent disintegration. 
apparent disintegration. | 
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barium glasses does not increase. devitrification, in fact the ten- 
dency to devitrify was evident only in the high silica corner. A 
sample of the glass which showed surface devitrification was ex- 
amined by Mr. A. A. Klein, of the Bureau of Standards, who 
reported that he found the typical aborescent structure in the 
material which was apparently devitrified, but that the individual 
crystals were so minute that they appeared isotropic and could 
not be identified. 

Although the crystalline material was not analyzed, this sur- 
face devitrification seems to corroborate Brockbank’s'! explana- 
tion of surface devitrification, being due to the volatilization of 
potassium or sodium oxide from the glass and producing a sur- 


‘Trans. Amer. Cer. Soc., Vol, XV, p. 600 
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face layer of a silicate containing a very high percentage of 


SHOR. 








Fie. 5. 


Softening Points. Various methods for the determina- 
tion of the softening point of a glass have been used. Owing 
to no standard method of measuring this factor, the results 
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will be of value only in comparing the relative softening points 
of the glasses made. 


The method of determining the softening point was by 
noting the temperature at which a weighted rod begins to pen- 
etrate the glass surface. This was chosen for the further pur- 
pose of noting the rate of change of viscosity of the glasses, 
with increasing temperature, by determining the rate at which 
the rod is sinking. 
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A photograph of the apparatus used is shown in Fig. 5, and 
a description of the same is as follows :— 


Five grams and later, 10 grams of glass, were softened into 
a solid mass in a small Battersea crucible about 1% in. high and 
I in. in diameter at the top. This was placed in a small electric 
furnace heated by a platinum coil. A fire clay stopper was 
placed over the furnace opening, thru which a thermo-couple 
was passed, the junction resting on the surface of the glass. 
Thru another hole in the center of the cork a platinum rod was 
passed also resting on the surface of the glass. The upper end 
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of the rod was weighted with lead. A copper wire about 8 
inches long, having a pointer bent at right angles, fitted into a 
hole on top of the platinum rod. This wire was supported by 
passing it thru a glass tube. The entire rod was then set so as 
to stand perpendicular on the glass surface, and weighed 15.06 
gms. The diameter of the platinum rod equaled 1.71 mm., thus 
giving a weight of 6.39 gms. per sq. mm. 

When the rod was properly set on the glass a micrometer 
telescope was focused on the pointer, the height read, and the 
drop of the rod measured by lowering the telescope. 

The furnace temperature was raised at a constant rate 
throughout all experiments. Figure 6 shows the heating curve 
followed. 

With increasing temperature, the expansion of the rod 
showed a slight rise. The rod then remained stationary for a 
short period, and finally began to drop. The first indication of 
the rod dropping was called the softening point. 

Using a five gram sample of glass, softening points were 
determined on glasses Nos. I to 18 inclusive. 

The results are shown on Table VIII, along with check de- 
terminations on several of the samples. 

A. gradual increase in the refractoriness of the glass with 
increasing barium and silica is shown, barium hardening the 
glass considerably more than the silica. 

A second series of determinations were run using ten grams 
of glass rather than five. The softening points were determined 
on glasses Nos. 1 to 7 inclusive, and 36 to 42 inclusive. In 
addition, the softening points of a flint glass, a crown glass, an 
opal glass, a zinc glass, and a commercial plate glass were de- 
termined for purpose of comparison. The following are the com- 
positions of the above mentioned glasses :— 


A. Flint glass 


5c) 
2 NaO } 3 SiO, 
45CaO | 


334 NOTES ON BARIUM GLASSES 


B. Crown glass 
Bank® 
.46 CaO Eee Ok 
BouRDO 


Z. Zinc glass 


AKO ) 

20. NasO ed 
46 CaO t ee 
10,200] 


Opal glass 


Oath 026 BOE 


ea.) O87 ALO, Ace oI) 


12,4 DO) 


Commercial plate—composition unknown. 


The softening points of these second determinations, 
shown also on Table IX, are lower than with the five gram 
samples, and the softening did not proceed so slowly in the 
beginning. It will be noted that glass No. 42, having silica 
and high barium, is the most refractory of the experimental 
group. The extreme refractoriness of the opal glass O, and 
the extreme softness of the lead glass A are also worthy of 


notice. 


TABLE IX. SOFTENING POINTS. 5 GRAM SAMPLES 


Temperature in Milli-volts 








| NO 
| | | 

al 4.93 72. 4.75 || 18 
2 4.61 8 5.08 14 
3 5.21 9 5.83 Laas 
4 | 5.82 10 | 5.48 | 16 
ta 5.84 11 5.88 [ee ahy 
6 | 6.15 [| 12 6.54 18 
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Determinations Repeated as Checks on Above Values 











FIRST RUN SECOND RUN 
NO. M. V. M. V. 
| 
PR eta uiikigss xen ober stahe Papeseath ah ie = tear eee mre eee G15 | 6.21 
|| tt MMR Ronson Mam iente Maal Reet coves CSR 5.45 5.48 
Le Ae og eee ee ee ee 5.ol 5.88 
Moos ok ob RoE Cae ee eee 6.26 6.54 
BD eos Bae ek ee ee ee ae as | 9.05 
| Vaan ee Ret fant ee 5.98 | 5.78 


10 Gram Samples 









































SOFTEN- | 
ING | SOFTENING PI. SOFTENING OTHER SOFTENING 
NO. PPA EN NO. IN NO. PTs LN TYPES PT. IN 
MILLI- MILLI-VOLTS MILLI-VOLTS GLASS MILLI-VOLTS 
VOLTS 
Paces (Ges Gee aa 37 5.02 0 8.97 
Sibert | 38 5.16 A atk 
a een 3 39 5.49 7 6.20 
41-485 | 40 5 95 B 6.21 
5 5.16 41 6.31 Com. 
6 | 5.79 || 36 6.60 49 7.05 Pilate || ea 6.06 








Viscosity Range. As the workability of a glass is as im- 
portant to consider as its chemical and physical properties, some 
measure of this property is desirable. What might be called the 
viscosity range of a glass or its rate of change in temperature 
is probably the best criterion of its workability. 

By the measurement of the rate of penetration of a rod, with 
continually increasing temperature, into a sample of glass, a 
measure of the rate of change of viscosity may be obtained. The 
experimental work done to obtain the required data consisted of 
measuring the drop of the rod and the temperature of the glass 
every minute, beginning at the softening point. 

The first series of results were made on glasses Nos. 1 to 18 
for which the softening points are given above. The results of 
the readings were plotted and curves drawn, are shown on Fig. 
7, which is typical of the curves obtained. 

The method of interpreting the curve to get a factor which © 
would compare the viscosity range prone eye was given much 
consideration. 
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Two methods of interpreting these curves are shown. The 
first was to compare the temperature change required to allow 
the rod to drop to a definite point (2 mm.). This compares, in 
a way, the rate of change of viscosity, as the greater the differ- 
ence in temperature between the softening point and the tem- 
perature at which a drop of 2 mm. obtained, the slower the rate 
of change of viscosity. ; 3 


yp dae 4M. CER. SOC. VOL. XV, VVILLIAMS & COX 
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See ee iV Paes Pes 3 ee gk aon 
The second method of interpretation was to compare the 
temperature difference between the softening point and the point 
where the tangent of the curve had obtained a slope of 60°, con- 
sidering that, at this point, each glass had reached the same 
degree of viscosity, and the curve was close to a constant rate 
of change of viscosity. 
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Viscosity Ranges in Milli-Volts for Drop of 2 mm. 


5-Gram Sample. 























| | | 
1 1.20 7 pees 125 Less 1.53 
2 1.25 8 | Tat | 145, =| 1.30 
3 1.01 9 ies 15: tt 141 
4 1.38 10 1.26 beet Ga | 1.48 
5 eit 11 1.18 aa oe 1.19 
6 | 1.30 12 1.28 : eae | 1.48 

sites ; ar 
Check Determinations 
FIRST RUN | SECOND RUN 

| 
Oia aaa, eet eg ot Rk Mite a ee 1.30 | 12:30 
LI sco nee race CO ao Cee 125 | Lao 
ee Pe oe rs OTN MS A ucienSa 1.18 | 1.22 
Lt 1 SS eer Sede ie oe eer a 1.28 | 1.30 
DOME ae chtaae Sie eas Bea binshens oak o's Teal | 1.46 
LE" 28 ee A PRET as AP ty Se tg tec Nee 1.19 | 1.14 





Decoy, Range in Milli-Volts — For Point on Curve Showing 


"oO Ot OO DDH 


Tangent of 60° 
5-Gram Sample. 











1.07 Y 1.18 
113 8 | 1085) 
86 9 1.22 | 
1.81 10 1.30 | 
95 11 1.14 
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Rate of Change of Viscosity 


10 Gram Sample. 
MM. Drop Per 0.1 Milli-Volt Change in Temperature. 



































RATE BE- | RATE BE- RATE BE- | RATE BE- 
wo, | GINNING | GINNING || . | | GINNING | GINNING || 9 [ nee Be Sethe 
: AT AT “ AT AT 
2.0 mm. | 2.8 mo. 2.0 mM. | 2.8 mM. AT 2.0 MM. AT 2.3 MM. - 
| | | 
mm. mm. || mm. mm. | sgt mm. 
1 .86 1.40 ob ae! 94 A | ~—1.00 
2} 12.00 10 38 Wii bes, 87 B 1320 
3 .80 .80 39 ay 74 O About 6 mm.|/About 6 mm. 
4 84 1.02 40 60 | 81 Z 1.40 
5 80: 4 1,02 41 boy: ar ae 
6 84 oi 210 42 .86 .80 
‘| Ale .94 36 64 .88 











The viscosity range shown by glasses Nos. 1 to 18, using the 
above methods of determining such a value, is shown on Table 
X. The two methods give, approximately the same compara- 
tive values between any two glasses. The noticeable feature of 
the results is that the viscosity range does not increase or de- 
crease in a uniform manner with the increase or decrease of any 
particular ingredient, but on the other hand, seems to increase 
and decrease alternately. It is quite possible that the viscosity 
range of glasses would not change uniformly with an increasing 
quantity of one ingredient, owing to the possibility of different 
chemical combinations occurring with changes in composition. 
Several other difficulties were made apparent in plotting the 
curves, however, which makes the above methods of interpreta- 
tion unreliable. 


The curve shown on Fig. 7, altho being a typical curve, 
shows a very slow rate of starting. The speed at the softening 
point of the glass varied considerably and apparently seemed 
to depend upon other factors than the viscosity of the glass, such 
as surface tension, level of the glass surface, etc. Therefore, 
the difference in temperature is not a certain measure of the 
difference in viscosity range because of the tendency of the 
dropping of the rod to lag just above the softening point. 


NOTES ON BARIUM GLASSES 341 


The second method is more accurate than the first, as in 
that case the temperature difference required to obtain a certain 
definite viscosity is measured, whereas, in the first case no at- 
tention is given to the degree of viscosity. Another criticism of 
this set of experiments, is that the quantity of glass was so small 
that the rod was approaching close to the bottom of the crucible 
where it would again be retarded to a certain extent. 

In view of the above possibilities of error, in obtaining con- 
sistent results, another set of experiments was run using a ten 
gram sample of glass in place of five grams. The rod in this 
case was allowed to drop about 4%4 mm. rather than only 3 mm., 
thus giving the portion of the viscosity curve which shows the 
rate of change of viscosity approximately constant within a short 
interval (.1 milli-volt or about 10°). | 

The curves obtained are shown on Figs. 8, 9, 10 and II. 
Figure 8 shows the start of the curves which is much more 
rapid and consistent with the hardness of the glass than the start 
shown with the smaller sample of glass. Figure 9 shows the 
balance of the curves for glasses, Nos. I to 7. These curves 
show very little difference in their rate of change of viscosity 
and also show how nearly the rate of change approaches a con- 
stant. Figures 10 shows the same portion of the viscosity curve 
as Figure 9, but for glasses No. 36 to 42 inclusive. Figure 11 
shows the viscosity curves for other types of glasses for com- 
parison. 

The rate of change of viscosity was determined by taking 
the drop of the rod for a change of .1 milli-volt in temperature, 
using as a starting point a definite amount of drop, 2 mm. in one 
case and 2.8 mm. in another case. The figures obtained are 
shown on Table X. The results are more consistent than those 
obtained by the first two methods and the following general con- 
clusions may be drawn from them. 

_ Replacing sodium with barium decreases the rate of change 
of viscosity, or in other words, increases the viscosity range, 
except when all of the sodium is replaced by barium, then a 
slight decrease of the viscosity range is shown. 

Comparing Nos. 1, 7 and 37, and Nos. 6, 36 and 42, there 
does not seem to be any consistent effect on the viscosity range 
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due to increasing silica. Comparing the data taken beginning 
at 2.0 mm. drop with that taken beginning at 2.8 mm. drop, a con- 
siderable decrease in the viscosity range or increase in the rate 
of change is noted with increasing temperature. 

The exceptionally rapid rate of change of viscosity of the 
opal glass is worthy of notice and the slow rate of change of 
the lead glass is evident. 

Fig. 12 is the calibration curve of the thermo-couple used in 
this work. The softening points in degrees C corresponding to 
the milli-volts shown on the tables may be taken from this curve. 


THE EFFECT OF VARIATION IN THE COMPOSI- 
TION OF GROUND COATS FOR SHEET IRON 
ENAMELS 


R. R. DANIELSON, URBANA, ILL. 


The composition of first coats for sheet iron has been a 
matter of discussion among enamel makers for a long time, 
especially the effects of composition as regards the use of cobalt, . 
nickel and manganese oxides. The ceramic literature contains as 
little about this subject as it does about the technical side of most 
of the enamel industry. It was the writer’s intention to de- 
termine the effects of these oxides and the percentages of each 
necessary to produce the best enamel. 


With this idea in mind, nine series were outlined as follows: 


Series A. Increasing cobalt oxide from .o1 to .04 equiva- 
lents. 

Serics=B:. increasing nickel toxide: from’ .o1-to .05 equiv. 

Series C.. Increasing cobalt oxide with corresponding de- 
ereasc in nicke foxide: 

Semic- f)aeuncreasine inanganese’ oxide~froim. .02 -to: .114 
equivalents. 

Series E. Increasing cobalt oxide with decrease in manga- 
nese oxide. 

Series. EF. alnereasing silica. 

Series G. Increase of calcium fluoride. 

Series: Hosa Decrease of borax. 

Series J. Increase of antimony oxide. 


A ground coat which was an average of several commercial 
formulas and approached closely the formula used by Menzel in 
his work on “The Function of Cobalt in Ground Coats,”? was 
selected as a basis for the above series. This formula, disregard- 
ing the cobalt, nickel, and manganese oxides, is as follows :— 


1 Keramische Rundschau, 1914, p. 50-52. 
(343) 
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Substitutions were made in the RO group, K,O, Na,O, or 
CaO being replaced in such a way that the change in any one 
of the above was as small as possible. The change in some cases 
was naturally greater than the change necessary in other cases, 
for commercial enamels require about 0.5 percent of cobalt 
oxide while as high as 3.5 percent of manganese oxide is re- 
quired. 

The individual members of the series were weighed up and 
mixed thoroughly by hand. They were then fritted in a gas- 
fired frit furnace, in crucibles holding a batch of about 4.5 
pounds. In each case, the mixture was melted down, then kept 
in a molten state and stirred occasionally in order to eliminate 
the bubbles as much as possible. The melts were kept in this 
condition until a thread drawn between the fingers did not con- 
tain any lumps due to undissolved material nor any gas bubbles. 
When the fritting, which required about three hours, was com- 
pleted, the enamel was poured into cold water in order to shatter 
the mass and thus facilitate the grinding. After being dried, the 
frit was weighed out with 8 percent of English ball clay and 1 
percent of borax, the latter being added in a hot solution. The 
batches were ground in small porcelain ball mills with approxi- 
mately 40 percent of water for about 20 hours, this time being 
required, in most cases, to grind the enamel just fine enough to 
pass a 150 mesh screen when washed through with water. The 
above procedure applies to all the enamels except Series F, in 
which part of the flint was added in the milling. 


For trial pieces, 18 gauge Armco iron plates about 3 in. by 
6 in. were used. These plates were scaled in an open fire kiln, 
after which they were pickled in a hydrochloric acid bath made 
up of I part commercial acid to 6 parts of water. After lying 
in the bath about 30 minutes they were scrubbed in clean water, 
then dipped in a very dilute solution of sodium carbonate to 
neutralize any acid remaining on the plates. They were then 
dried as quickly as possible in a steam coil drier. The enamels 
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were set up with a further addition of borax. The plates were 
sponged off and dipped, then set on racks and dried in the steam 
coil drier. 

A small oil-fired muffle kiln, having a chamber 12 in. by 18 
in. by 30 in. was used for the burning, the trials being placed on 
a grid large enough to hold three pieces. A thermo-couple was 
placed in the muffle with the junction as close as possible to the 
trials. The temperature and time required for properly. burning 
each enamel were determined, if possible on the first trial in each 
set, and the rest of the trials were burned accordingly. 

Wests, hree-eenerals tests “were carried out on the 
trials, namely: 


1. Microscopic examination of trials for bubbling, 
2. Impact test for toughness or resistance to chipping, 
3. Application and burning of white cover enamel. 


The first test was made by examining the trials under a 
microscope and noting any tendency to bubble. The object of 
this test was to determine whether there was any relation be- 
tween bonding power and formation of bubbles in a ground coat. 


series A: Increasing CoO 
Improvement in quality, decreased pinholing. 
Series B: Increase of NiO 2 
Enamels not very smooth, decreased bubbling. 
Series C: Increase of CoO, with decrease of NiO 
No bubbling and good texture. 
Series D: Increasing MnO 
Some very small bubbles but enamel was very 
smooth. , 
Series E: Increase of CoO with decrease of MnO 
Decrease in number of fine bubbles. 
Series F: Increase of SiO, 
All pinholed, enamel not very smooth. 
pemesGo inerease ol; Ca© 
An increase in pinholing and bubbling 
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Series ses Decrease or 3308 
Pinholed and blistered, especially with low 
borax. 

Series: (a increaseeo nat Gle 
Blistered and bubbled, decreasing to No. 3. 


‘The second test was carried out in the apparatus shown in 
Fig. 1, which is similar to that used by R. Landrum? except for 
some few changes in construction, a 4 pound hammer with a 
hardened steel head being used instead of a 5 pound hammer. 
The plates were set on a piece of hardened steel, and the hammer 
allowed to drop from certain measured distances. The distance 
of fall was increased until the maximum height was reached at _ 
which chipping would not take place. Failure of the enamel was 
taken at the point where any chipping of the enamel occurred 
when scratched. It was found that any tendency to chip, which 
could not be noted otherwise, was brought out by a slight rubbing 
of the enamel. The distance of fall of the hammer was regulated 
to quarter inches, and the results obtained on the machine were 
fairly consistent when it is remembered that any variation in the 
thickness of coat, time of burning, etc., will change the quality 
of the enamel greatly. 

The data for the impact tests is given below with the com- 
position of the various enamels and their time of burning, etc. 
Table I in each series gives the molecular formula of the enamel 
while in Table II the percentage composition of the enamel and 
its temperature and time of burning are given. The temperature 
and time given are the means of the results on the ten trials 
in each particular set of series. Table III gives the data on the 
toughness test for the individual plates. 3 

The results of the toughness tests are shown graphically in 
the curves, Fig. 2 and 3, an attempt being made to plot the curves 
so that the comparative effects of the various metallic oxides 
could be brought out more clearly. 


From the curves, the following facts are obtained :— 


(1) Cobalt and nickel oxides have about the same effect 
as regards toughness, while manganese oxide decreases the 


——— ¢ 


2 Test of Ten White Enamels, Trans. Amer. Cer. Soc., Vol. XIV, Robt. Landrum. 
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toughness very markedly. Additions of cobalt oxide to either 
manganese or nickel seems to increase the toughness. These 
results tend to show that cobalt oxide is an important constituent 
for developing toughness of ground coats. Furthermore, tough- 
ness 1s absolutely essential in any enamel which serves as a good 
ground. 

(2) The introduction of part of the flint into the enamel 
batch instead of into the frit itself seems to increase the tough- 
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ness, but at the same time makes the enamel more refractory. 
The enamels of this series have less the appearance of a glass 
which probably accounts for their greater toughness. 


(3) Low borax or high lime enamels will not make good 
grounds as they are very porous and show very low toughness. 
(4) Variations in the antimony oxide do not affect the 
toughness either way, but do add to the whiteness of the enamel. 
It might be possible that, by working in this direction, a white 
ground could be obtained. 
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THIRD TEST. 


White Cover Enamel. Ability to take a finish white with- 
out bubbling. For this test a white cover coat of the following 
composition was used: 


ZI2ek ) \ 1027 S36); ( 
.632 Na,O | .324 BO, ~ eae ee 
150/CaO. }22g7s Or alee) rs 


This has the following batch composition : 


BOPAX oa oe ar eeteue ee Ue eee ee ee 20 
Peldsparee 2 ise Ga he eee eee ene nee 22 
Print te0> > See ote ae 21.5 
S Oday ee Meri ae secret eee eee 10 
maltpeter 47) hen eee ee 24 
Cry Olites scr) ae tate eee eee 16 
ASHIMONY ok. bl eo ee en eee 24 
Witting (la) 0 eae geen ean eee 5 


7 percent tin oxide; 
Additions in mill: ~ 7 percent magnesia, 
\ 6 percent clay. 


This enamel was sprayed on the ground coated plates, dried 
in a steam coil drier and then burned at 875°C in the same fur- 
nace that. was used for burning the ground coats. ‘This test is 
very important for if a ground cannot take a cover enamel with- 
out pinholing, blistering, or developmg similar defects, it is of 
course worthless. 


The results on this test are given below: 


Series At 
A. 2 pinholed slightly, 
Xe good enamel, 


A. 4 excellent enamel. 


» 
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Series B. 


Den ) 
vee aa 
B. 3 4} slightly bubbled. 
IDS ara | 
Beast 
Denese. 
Sac ner 
C. 2 \ all good enamels. 
E18 
Series qd): 
Ds iv oedsename}l, 
D. 2 good enamel, 
DD. 3, excellent results, 
D. 4 slightly bubbled. 
Series E- 
FE. 1 slight pinholing, 
EK. 2 fair enamel, 
Pe ee. Cxcellent enamel. 
ii a excellent:enamel, 
Series F 
Ff. Every member of series was pinholed. 
Series G. 
, Hates: | First coat was not smooth giving the 
an eer r ey enamels a wavy appear- 
Gatrae tain, J S a 
Sebies 1. 


H. All pinholed and blistered. 


Seniccur |: 
J. All blistered and bubbled but decreasing with in- 
crease O1-5b,0).. 
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The results with the finish white show that best enamels 
were obtained on those first coats in which cobalt was present. 
In every series, the quality of the enamel was improved with the 
increase of cobalt. In no case were good results obtained with 
the plates coated with a white first coat, such defects as pin- 
holing, blistering and bubbling being more or less present. 


General Conclusions. In all this work, the results seem to 
be fairly consistent in that the different tests differentiate the 
poor enamels from the good enamels very well. There seems to 
be a very close connection between toughness, bubble formation 
and the ability to take a good finish enamel, except in the series 
in which flint was added to the enamel batch. This series gave 
very good results in the toughness test, but still did not make a 
good smooth ground coat, possibly due to the fact that adding 
the flint in this manner makes the enamel more refractory than- 
it would be if the flint were added entirely in the frit. In order 
to make a good enamel, it is necessary that the ground coat soften 
sufficiently so that more fusible cover enamel can fuse into the 
ground. This point might be made use of in sheet iron enamel 
work by simply adding part of the flint to the frit for the ground 
coat thus producing a ground which would be tougher. 


The best results have been obtained in this work by the use 
of cobalt and nickel or by a combination of the two. Fairly 
good results have also been obtained by the use of cobalt and 
manganese, but it is quite evident from the curves for cobalt, 
manganese, and cobalt + manganese that the toughness is due 
mainly to the cobalt. This is in accordance with the views of 
J. Grunwald’, who says, “Every practical enameling expert 
knows that a ground enamel free from cobalt and nickel oxides 
is unobtainable. Although nickel oxide is excluded from white 
grounds where certainty is required on a large scale, it may re- 
place cobalt oxide, wholly or partly, for many of the cheaper 
enamels. Many famous enameling firms, however, celebrated for 
excellent quality of their wares, only employed cobalt oxides for 
their grounds.” 

From the results of this work there appears to be a decided 








3 Raw Materials of the Enamel Industry, Julius Grunwald and H. H. Hodgson, 
p. 1565. 
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advantage in the use of cobalt and nickel oxide, for all com- 
binations of these oxides give good tough enamels. If cobalt 
oxide were used alone, a larger amount would have to be used in 
the batch to give the required toughness to the enamel. At the 
best this is only a small amount, and any error in the amount 
of cobalt oxide added would make considerable difference in the 
quality of the ground coat. In adding nickel oxide, about three 
Patric are added for each part of cobalt oxide replaced. Nickel 
oxide is cheap as compared with cobalt oxide so there would 
be no increase in the cost of the enamel because of this addition 
of nickel oxide. Any slight error in the additions of nickel oxide 
or cobalt would not affect the ground very much as there would 
still be enough metallic oxides to make a good ground. 

Another objection to the use of cobalt oxide alone is, that it 
develops a blue color on burning. On properly burning, a ground 
containing both cobalt and nickel oxides, the color gradually 
changes from a blue to a black. This is usually the only indica- 
tion used in commercial work to denote the proper burning of a 
ground coat, and it is such a reliable indication that the use of 
cobalt and nickel is strongly advocated for the production of 
good coats. 

From the results of this investigation, the following com- 
bination of the metallic oxides would probably be the best for a 
ground coat of high quality: 

Combination No. 1 ee | - oa oe 


For a ground coat containing manganese oxide, the fol- 
lowing combination would be the best, altho this would not 
produce a ground coat equal in quality to the one produced with 
combination as given above. 


Comimination INO: *2: <3... 5-+- 


25 Fpercent Col: 
Hee percemt) \ia® 


Altho white ground coats may be produced by omitting the 
coloring oxides, they are not certain enough for commercial 
practice, and it is doubtful whether the savings derived from the 
use of a white ground coat would justify the risk taken in the 
production of high grade ware. 
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SERIES A—TABLE ll. 





NOS. A-1 
| 

KO Soe eee 24 
Nas@ ie. Sica ie oe oe .00 
CaQ@sns, Sc: eae 20 
COO ees ae | 01 
ALG, ee ee | 15 
Beith Ae reser .00 

SiO secs hon eee eee 2.0 
Deen LAER eR RES ope aist 20 








MOLECULAR COMPOSITION 
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A-3 


ENAMELS 











SERIES A—TABLE II. BATCH COMPOSITION IN PERCENT 
NOS. A-1 A-2 A-3 | A-4 
| | 
Potash-spat -. 23. | 27.0 ied 27.2 | 2b = 
Salipeter yo item cheers 5.9 5.0 4.6 3.95 
Blaorspar 2G. teens 6.3 6.3 G2a0: fee, 6.4 
Cobalt, oxide: ..34. 26 26 oe eel ok 1.07 
ROT) ta eee 30.6 30.8 31.0 | 31.2 
Sodasiv oer eee 8.3 8.6 8.6 | 8.65 
Binion eee 21-2 2128 | oie | a Os 
Température: of? bttrm:.| 4704.2 a oes 1000° 1000° si 1000° 
‘Time! in Seconds. falee oe eee 100 | 65 | 70 
SERIES A—TABLE III. TOUGHNESS TEST 
GREATEST DROP BEFORE CHIPPING OCCURRED 
NO. OF PIECES 
SERIES A-l | SERIES A-2 | SERIES A-3 SERIES A-4 
| 
pe OW ir wie 0) 18 Be D> © 3 ate moe Uh, Sere Re, eee aeeerenees 
2 24 24 | 6 | 8 
3 Ds a bee 3 sen becee e 5 | 74 
y We Se) Pape teats eal he 2 5 People, yazan Past 
aa ea ae oe eee 24 4 | 8 
6 ear tes tae ree | 2-3 4 | 8 
hes de bode Sane cen 2} | 5 | 6 
Sn. ar een aero eee 2. Ce ee eee | 8} 
9 Reman e | 2 5 | 8 
Average 24* | 24 : i) | 8 














* Series overburned. 
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SERIES B—TABLE Il. 
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EQUIVALENTS 


























B-1 B-2 | B-3 | B-4 | B-5 
| 

Bee 2 .ue. ee .24 23 oe soley. .20 
EO eee emery a .50 eae. | Es | Dar £O0; tc} 50 
CAO. oct es ee 25 Ba ida aes QOS call 25 
1S ie Oras een 02 03 04.-.|.-. .05 
RANE A ea eats Cs ov «toe 15 15 aio Mates 15 
iO 1 eter Oneeeaanred 50 .50 50 50 | .50 
SSL EES 2.0 2.0 2.0 | 2.0 | 2.0 

AN OEM 25 E26 —| oa 25 25 

| | | | 
SERIES B—TABLE II. BATCH COMPOSITION IN PERCENT 
| B-1 | B-2 | B-3 | B-4 | B-5 
= 

Potash-spar .. .. 27.0 Pt CA as ee 27.4 27.4 
Salpeter Fes. . 5.85 5.25 | 520 | 5.29 5.3 
DOERR oe on ole 30.8 31 | 31 en? Ge | 31.3 
ate hhc. eer. 8.55 8.6 8.6. | 8.63 8.7 
Figorspar: << oh. 622. 6.28 Gone e300} 6.35 6.38 
LS DELO aie ee a 27 588 | SF -| 1.05 1.36 
PIG ae oe ee 21.3 21.4 | Bical Bio 21.6 
Temp. of burning.| 1000° 990° 995° 985° | 990° 
Time in seconds... 70 | 75 | 100 100 | 100 








SERIES B— TABLE III. TOUGHNESS TEST 








GREATEST DROP BEFORE CHIPPING OCCURRED 


NO. OF 




















SERIES B-l SERIES B-2 SERIES B-3 SERIES B-4 SERIES B-5 
| 
yi 14 54 6-3 Pee ale Sic | 6-4 
2 iP ie, ae ie eee 6-3 | iy cai dn Paper yrs Mace 
: Archer Woe esa Pen Mc : ie eees 6-4} | 63 | ee ‘ ae. 
eee Tei as: haeeed f ] 
6 1 by | 63 63 6-4 
: i o 6-3 | Sy aes 6 nee ee | 5 
Yo Sate bee 5} | cat fey oer Ot | pe eae 
10 LF Ree LB oe Po ene 5 ree ana om te | ES Bk sat | 64 
Average 1} 54 | 6-4 | 64 | 6-} 
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SERIES C—TABLE Il. 




















EQUIVALENTS 

C-1 | C-2 C-3 

| 

Kia ae ee eee ee 2 

Na.O ciel cliente eit teh eieeMene ener: Oo 3) 5 
CA OW shua athe ae a eet 20 20 20 
COOR co .1 Guat ook 01 02 03 
ITOH: Sh ee roe 04 03 02 
PEGE ccd oe oe ee ao 15 15 

ihe Lares ee: | 5 5 5 

Si Oana tity eee 2.0 2.0 2.0 
ORE TE see Pees re ge: 20 | 20 20 


SERIES C—TABLE II. 
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BATCH COMPOSITION IN PERCENT 






































C1 C-2 Ge C-4 
| | 3 
Potash=spac. i eee | 27.4 | 27.4 27.4 | 27.4 
Datiperer i299 ae ee 3.3 a) oro | 3.3 
DOTARN i th. Ps 1 [ 31 31 | Bis ee 
SO Gaiety eee SiG one | Sem 8.7 | 8.7 | S48 
Ple@erspat )....40480. 44 6.4 6.4 6.4 | 6.4 
Cobalt -oxidess 44.5. | 28 DO aoe | 1.09 
NiO ns ssa sees 1.09 82 200 «ial .28 
Bitar Wea ek fe 21.6 216 2176 | 21.6 
Temp. of burning.... 985° 990° 965° —s | 990° 
Time in. seconds...+: 101 100 105 hel 105 
3 | | 
SERIES C—TABLE III. TOUGHNESS TEST 
GREATEST DROP BEFORE CHIPPING OCCURRED 
NO. OF PIECES 
SERIES C-l SERIES C-2 SERIES c-3 | SERIES C-4 
| 
1 eles RA ee Sorry, Gis IR era | eae MIE ee, 
2 6-3 6-3 rer 8-3 
3 6 64 (fs | 8 
4 6 Bo) et Bi a ae oe | 8-3 
5 GE od) oils, cece thon 7} acta heals cote 
6 6} 64 74 |e sty lee eee 
rt, AG ee ee ree 64 7-3 ie. ar, Sete eee 
8 i) SR PESOS PERE HA ict Ceo | 7 
9 Gio «thea oa eee ieee 74 | 8} 
10 | 6 6 = Ge aia | 8 
Average - 64 64 14 | 84 
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SERIES D— TABLE I. EQUIVALENTS 
| D-1 | D-2 | D-3 | D-4 

| | 

| 
KOM fools. ee, a 23 01 ae 20 
Oe ea, oes 50 50 50 50 
CAG) Te 24 93 ivead 20 
Niet aR (age | 3080s “al 07 at 
DEO se: tee sl Shien 15 15 
10) lee ee 5 | 5 5 | ot 
Sige sn OR. 2.0 2.0 SOG SORT a ae a 
13 Ren. a | 24 23 21 | 20 


SERIES D—TABLE Il. 


| 








BATCH COMPOSITION IN PERCENT 






































| D-1 D-2 D-3 D-4 
Potash=spar i... sa. . | 27.0 2A 27.2 27.2 
SaleMeEC rs sn be) «aa eeee | 5.9 | 5.3 4.07 3.230 
OR a SS, Wes | 30.8 30.9 | B120 30.8 
SLOG IEMC is Sega RI aD | 8.5 | 8.55 | 8.6 | 8.6 
TIMOR SDATS oar, 2B 6.0 5.8 | 5.4 | 5.08 
1S SVC) Si Sees aan Se ee tot Lor | Pelee | 3725 
1 SII Cage ae a 21S 214 | 21.6 | 218 
Wemp--of burning. 25: 950° OOF” | 995° — | 990° 
Time in seconds..... | 93 | 92 96 | 97 
SERIES D— TABLE III. TOUGHNESS TEST 
GREATEST DROP BEFORE CHIPPING OCCURRED 
NO. OF PIECES 
SERIES D-l | SERIES D-2 | SERIES D-3 corres p-4 
a | | 
1 1} | 2 Te? wa here eer tecnoen Pe oes 
2 1} | 14 PA Ota sete SR ee re 
DERIES ee tn eS 2 1 1 
4 8 oe SN ee eee Iie fr Gear ae plan ra 
i OSG ip ee A aS MES Sin Re ores tes ee eR ARSE 
Oe aie hn ERS ae | Stee aon oe AN) SER OR RT RET | AN REED EN ae 
POS IE FS Sag Ate) Seen aera ae a | eee ih 
8 1} | 1 li Rah ene nee ae ee 
9 | 1 | ETO, eae ter eal RA RP 1 
10 | ee bit ee Nea a ei ca 1 
Average | 1} | 14 1 1 
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SERIES E—TABLE |. EQUIVALENTS 





| Deu | E-2 | E-3 | E-4 
| | | | 
ey tas ce cere 23 aah et LO tN a 23 
NaOtic Ae ee 48 | ae AS a 48 
CAOiS A Oe eee 23 oe es 23 
COOOR Ss ah fee | AL. || 02 | oe. a0 04 
MaC jy ee cee 05 04 tis eee 02 
AL On er ce titan Bian 15 15 15 | 15 
[Ee Chan Serr ee et! 50 50 V0 wane) 50 
SiO A ee 2.0 1 oat 2.0 k pred 
Nees Ch a | 23 | 23 | 23 | 23 


SERIES E—TABLE Ii. BATCH COMPOSITION IN PERCENT 


























| E-1 | E-2 | E-3 | E-4 
| , | | 
Potach-soir. fa ase O74 | 27.1 | Pata 
Saltpeters co lveccnes be. | 5.24 5:94 a? | 5.24 
Boraxtes. ooo | S10 | 31.0 2120 | 31.0 
SOGaU« leno ee | 7.9 | 7.9 7.9 | 7.9 
Piuorspar:..:22 eee 5.8 5.8 | 5.8 5.8 
Cobaliz0xide.2at oe | 5 fda ae 54 p Goel Age 1.08 
Gye eee ee | 1.41 BS be Be a .56 
Bint. .o eee | 91.4 91:4 | 21.4 | 21.4 
Temp. of burning. a 995° | 975° 9502 » «| 985° 
Time in seconds...... | 119 | 97 ! 87 | 98 
SERIES E—TABLE III. TOUGHNESS TEST 
GREATEST DROP BEFORE CHIPPING OCCURRED 
NO. OF PIECES 
SERIES E-l SERIES E-2 | SERIES E-3 | SERIES E-4 
| | | 
1 3 6-3 6-2 | T 
2 Pe ees | Ten. *: oj eacd Rae | 7 
3 fae eee San, 64 6-3 | 7 
4 | 1d0 (SS eee oe ee eee Taek hes | 7 
5 i RENE er RR tae YE Ea oe ee edt Ms bos | a 
6 | 1} 6 6} i oe ae eee 
7 Qa Sie ip eoge meen thie aeee regen | 7-2 
8 | Basi on ge he 64 7 | 7k 
9 Ot) mae aie ear teneenent ene ¢ erp eit 
10 | 2-4 | 64 | 6-3 | Bed tee 
Average | . 9-9 | 64 | 6-3 | 7 
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SERIES F— TABLE I EQUIVALENTS 
pe tel=|[*l[s 
UG epee | 2D 20 aB5 us 25 
9 ple ea eae let 50 50 50 50 
aS ches tec Rate | 25 A209 wD ss 20 
JCB SN Rah eee pee emer 1D BL TS as eee | 15 
IB LOeA testes ashes: | .50 “50 .50 KOU? 5] .50 
OCD at tne ee tat ee are : 1.3 1.6 1.9 Fey 
2 tate, | Sa Oe eae o20 Zo Was ond | .20 
Spe ee ses See os : .05 ! .05 | M5, | 05 | .05 
SERIES F—TABLE II. BATCH COMPOSITION 
Fel - FA 
KeSpate.c ut rate ees SRST Barnet as fore [sl 5 187.5 Pritee tio nd.s 187.5 
Saltpeter ..... 20.20 Lahr) ener 18 Biiitua tures 54 
Borax ee sess 95.90 
Soda ees als 26.50 F-3 F-5 
Eigorspate..~ <. 19.50 
Pei le seat tates 14.40 tite eae 187.5 PIES OS nso. cine ae 187.5 
Plinte cte..s : 6.00 Elmee os ce 36 Piiiteen. oe cor ce 72 
TEMP. OF BURNING TIME, SEC. 
| | 
River PUB AY rcp aero, re a Ye Saale, es Sw s | 960° | 80 
| ieee ak i lane al gre ie he oC eer ee a | 940° | 94 
Be ees te Pes hk Share Ci we as 965° | 80 
| 2 BO Ian Saran eh tg ES ae | 975° | 105 
55 | 83 


Ader are otae ete se a VIF ae Se Ge | ooh. 
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SERIES F—TABLE III. TOUGHNESS TEST 





GREATEST DROP BEFORE CHIPPING OCCURRED 


NO. OF PIECE 





SERIES F-l | SERIES F-2 









































SERIES F-3 SERIES F-4 SERIES F-5 
| | | | 
1c Bee oe. & ae ine ere eee Oo ap eee | 9 
2 tone @ Jiu bisa ale Bhtesa ae ele atl Ree ae need rene ee | 8} 
3 Gao lace eet bend ay Ser es oe eee. | loins saete tatoo 
Ad eh eee 8 Sa Ab Clave ee cee | 9 
Dee EI aco: ce EI eae Ser ee eee er | 9 
6 hadewe sede ed sce auantentebes bole tee ans enema | 9 
i 6} 8 ot Na lal Poke ce | 9 
eae 6-3 73 | 6 teh ipa eee | 8-2 
Diy al 6} ye ee CR eyes rye con [nui ceiiee we 
10 | en le aed | 8 Are Wee sedis. | sl 
Average | 64 7-2 84 Panera: Ae | 9 
| | 
SERIES G—TABLE I. EQUIVALENTS 
| G-1 G-2 G-3 | G-4 | G-5 
| | | 
SO) ae ol pce 20 pes 15 ie 15 
IN AO) sho OF ce, Te aes 50 50 AD esl 40 30 
ASA) of i ce a tore | 30 roo 40 45 50 
VN G tS ieee ei ie 15 pa a 15 15 15 
EL Oe cere ae ae Fears: 5 ae 5 5 
ShOiet Ae. ee 05 .05 05 | 05 05 
ot Sawer moana ole 2.0 Ze0 2.0 220 2.0 
Dries aes aan eine es, 3 : 30 : 40... | 45 50 
| 





SERIES G—TABLE II. BATCH COMPOSITION IN PERCENT 














| G-1 | G2 | G3 | G4 | Gs 
| | 
Potash=spaf 2.2: 7d as 26.6 26.8 26.9 2 
Saltpeter =....4ehec8 ee en Oe ren RC REG Oe ke ee a ok 
BOTaKe ok ecu toe saree 30.0 BOSD BO nd 30.8 30.9 
Soda tashana. suse ee 8.30 8.45 6.8 ip! bs 3.44 
Hierspar nya 7.3 8.73 10.0 11.3 12.6 
Sse ee ena 4.50 4.58 4.59 4.60 4.62 
Sis Reais ne pees 20.7 21.0 2132 Rls 21.4 
Temp. of burning.. 997° 999° 1000° 975° 950° 
Time in seconds... 123 0s 76 118 130 
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SERIES G—TABLE III. TOUGHNESS 


G-1 and G-2 — bubbled. 
G-3, G-4 and G-5 — smooth. 
Below 14 all failed. 


SERIES H—TABLE |. EQUIVALENTS 
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. | H-1 | H-2 | H-3 

| | 

16) ee ees 25 | 25 | 25 

te a eee ane 50 50 | 50 

“SVR © glgaineartooe aaneral | 25 | 25 | 25 

(ACLS ie a 15 | “15 | 15 
Sho. ae een 4 | 3 | 2 
S Gps Bee ee | 2.0 2.0 | 2.0 

he A | 25 | 25 25 

EO a ee arch ee | 05 | 05 | 05 


SERIES H—TABLE II. BATCH COMPOSITION IN PERCENT 




















| H-1 H-2 | H-3 

| | 
PGtasH-Spat’ cacm. a0) 26.8 | 28.0 29.4 
Sultpener tae dae sae se | 6.5 6.8 (eal 
1S) 6) yoy ah oh Seen ieee 24.5 | 1922 i324 
Re ee ce ot 10.2 12.4 14.9 
EUUOUSDAL daa kiee 6.35 6.54 6.85 
SAG Sx ode eae | 4.6 4.83 5.06 
REM Oe pote a's hax ak hes | 2 ga 22.1 23.2 
wenp of, burming...... ois 985° 993° 
Time in seconds....... | 110 | 106 | 110 





SERIES H—TABLE III. TOUGHNESS 
H-1, H-2 and H-3 all failed under 2 inches, and all bubbled. 


SERIES J—TABLE |. EQUIVALENTS 











| J J-2 | J-3 

| | 
(416) Gee eee 25 | 25 | 25 
Ra ee ar oes oa 50 50 | 50 
(Oo Ois © SO means aeons | 25 25 | 25 
LOC Oh) Nie rw mee | 15 15 | 15 
Oe ee. 5 5 | 5 
0 eee ee eee | 10 15 20 
SG) Sok at Serre | 2.0 2.0 | 2.0 
5 ee | 25 25 | 25 
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SERIES J— TABLE Il. BATCH COMPOSITION IN PERCENT 





























ya | y-2 | J-3 
: | | 
Potash-spat” <- sees | 24.6 23.2 22.7 
Saltpeter 26-055 ees | 5.93 | 5.60 | 5.48 
Baraat perenne eee | 2O mE 26.5 | 25.9 
SGda tan awe betes 7.8 | 7.36 | (ee 
HIMOPSpart «suse ween 5.02 5.42 | 5.30 
Shans ce eae 8.46 13.4 | 15.6 
Flint 4340.2 Soe 19.4 | 18.2 | 17.9 
Temp. of burning...... 975° 976° 970° 
Time in seconds...... | rer | qe | 69 
SERIES J— TABLE III. TOUGHNESS 
GREATEST DROP BEFORE GHIPPING OCCURRED 
NO. OF PIECE ge ere eas > as me 
J-1 | J-2 J-3 
| 
Lo URS eee eres | s wiue eee a le Bs ae ee 
Oi ot We, sa eee tate cael ch ae NS Bec | op ehh aire a ee ee 
2S Bek eae mea), eee Bertie Tae 
4 Dae © tet cnc eee eee 5 
5 | RA ees Pe oe Pc re A AT Nm co it 
6 | Ee ee eee a 5} 
4 6 | a aR eis ca Se ta ee oe eee 
8 | 6 eee mee 6 
9 | 6 | BPs SMR ne = da ate 54 
10 Sins gone aie ants aa a epee re | cane ranattie alate ae eeleaaiotes 
Average .. | 5-3 | LRA Cpe ae 5-3 


ON THE ATTAINMENT OF RELIABLE TEMPERA- 
TURE MEASUREMENTS IN THE CERAMIC IN- 
DUSTRIES BY MEANS OF THEMOCOUPLES'! 


BY WALTER A. HULL 


Burned clay products of all sorts can be burned without the 
aid of pyrometers. It is not absolutely necessary that kiln tem- 
peratures should be recorded, or even known, at any stage in the 
burn. On the other hand, there are probably not many cases 
where fuel and labor could not be saved and the time of burning 
reduced, by the use of burning schedules worked out in the light 
of time-temperature burning records. Such practice makes for 
efficiency in burning and also tends to reduce the uncertainty of 
getting consistently good burns. ‘Opposed to these advantages 
there are the following difficulties to reckon with: | 


(a) The initial cost of pyrometer equipment. 

(b) Opposition on the part of kiln burners. 

(c) The unreliability of temperature measurements made 
with thermo-electric pyrometers. 


The pyrometer equipment should be regarded as a legitimate 
and permanent investment. Whether the investment is justified, 
undoubtedly depends, in many cases, on the validity of the other 
two disadvantages. 


Opposition on the part of kiln burners may be a real factor 
to reckon with or it may not. The kiln burner may have sus- 
picions and misgivings that are both genuine and formidable, but 
which would disappear if he understood and believed that the 
purpose of the innovation was to be an aid to the burning the 
same as better kilns or better fuel. It would also contribute to 
his peace of mind if he were sure that the new apparatus would 
not call for unreasonable educational qualifications on his part. 


1 By permission of the Director, Bureau of Standards. 
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The writer wishes to make two suggestions in this con- 
nection: —_——J 

t. Don’t install any part of the temperature measuring 
| equipment in “The Office.” | 
\ 2. Don’t revolutionize your burning—at any rate not ment 
away. oe 

In the first place, not many men are competent to supervise 
the burning without getting out into the plant where the burning 
is being done. ‘The installation of a galvanometer or potentio- 
meter for measuring kiln temperatures in the office is apt to 
mean that someone who stays in the office most of the time means 
to keep tab on the burning and on the burners by means of that 
instrument alone. To the burner, this does not mean supervision, 
but interference. In most cases, this view would be correct. The 
instrument should be near the kilns, where the burners can watch 
it and where the superintendent can consult it and consult with 
his burners at the same time. 

As for revolutionizing the burning, that should not be the 
purpose of temperature measurement. The pyrometer should 
be considered rather as an aid ‘to studying kiln problems and 
gradually standardizing kiln practice. Let the burner get used 
to having the pyrometer on the job; leave him alone with it to get 
acquainted with it and accept it as a part of the equipment. If he 
is anywhere near the right sort of a burner, he will gradually 
get to depending on it and, having voluntarily turned to the 
pyrometer for help, he will be glad to give his assistance in 
making a systematic study of the information it supplies. 

As to the third, and perhaps the most serious of all objec- 
tions to the’ pyrometer, the unreliability of its temperature 
measurements, there is no question that a number of pyrometric 
installations have proven to be worse than useless because they 
have failed, utterly, to measure temperatures correctly. If such 
results were to be expected and there were no way of effectively 
guarding against them, it would be better to dismiss the subject 
of pyrometers from practical consideration. Fortunately, such 
is not the case. Dependable pyrometers can be secured and with 
reasonable care, they will remain dependable. Furthermore, 
their accuracy can be tested, definitely, by positive methods, at 
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any time, so that there should be no uncertainty as to their 
accuracy. It is the purpose of the following paragraphs to put 
on record information of a purely practical nature which may 
be of value in the purchase and use of pyrometric equipment. 


The type of pyrometer under consideration consists essen- 
tially of a thermocouple, connected to.a galvanometer or a poten- 
tiometer. The thermocouple consists of two pieces of wire, of 
different composition, welded together. The weld joining the 
two wires is called the junction. In ordinary practice the thermo- 
couple is placed, permanently, in a protection tube with one 
closed end. Protection tubes are commonly made of impervious 
glazed porcelain which protects the thermocouple from the action 
of the kiln gases. Within the protection tube is a small tube 
which keeps the two wires of the thermocouple separate except 
at the junction. 


Protection tubes of material other than porcelain. and 
adapted to special conditions are on the market. For use in 
kilns, generally, porcelain tubes are to be recommended.] In cases | 
where the temperatures do not exceed 1100°C, eG: tubes | 

of fused silica can be used satisfactorily is (la ms 


enn 


Thermocouples “suitable for use in kilns may be classed as: 


(a) Platinum couples, 
(b) Base metal couples. 


Platinum couples are relatively expensive but they have the 
advantage of being adapted to high as well as low temperatures. 
With suitable care they can be used, at all kiln temperatures, for 
years without serious deterioration. 


Base metal couples are comparatively inexpensive and may 
be accurate and reliable. They are not, however, capable of 
withstanding, for long periods, the high temperatures attained in 
many ceramic kilns. For low temperatures base metal couples 
are worthy of consideration. Several kinds are available of 
which the best known is the copper-constantan element. The 
copper-constantan couple, made of suitable wire, is capable of 
giving accurate results at all temperatures up to 500° and perhaps 
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somewhat higher.? Deterioration, due to oxidation, would prob- 
ably take place rather rapidly in copper-constantan couples in 
ceramic kilns at temperatures higher than 500°C. Iron-constan- 
tan couples are used in many industrial operations at tempera- 
tures up to 1000°C (1800°F.) at which temperatures they have, 
when suitably protected, a reasonable life such that the renewal 
costs are relatively unimportant. Other base metal couples now 
on the market are said to give satisfactory service up to 1100°C. 
(about 2000°F.) ; the prospective user should have satisfactory 
evidence of the suitability of the apparatus before adopting 
pyrometric equipment including them. 

When a thermocouple is in place, with the junction of the 
two dissimilar wires heated, the electromotive force set up is 
measured with a galvanometer or potentiometer. For a given 
thermocouple the amount or magnitude of the electromotive 
force set up at any time depends on the temperature of the 
junction. This assumes that the cold, junctions, which are the 
contacts between the outer ends of the wires of the thermocouple 
and the copper wires leading to the measuring instrument, are - 
kept at a constant temperature. Since a given thermocouple, at 
a given temperature, always sets up the same electromotive force, 
the temperatures corresponding to various values of electro- 
motive force for a given couple, when determined, can be shown 
on the scale of the instrument to be used with that couple, so 
that, when the deflection of the needle indicates an electromotive 
force of say five millivolts, it also indicates a temperature of say 
575°C. It is customary to have, in galvanometers for use with 
thermocouples, two scales, parallel to each other, one in milli- 
volts and the other in degrees. The temperature scale holds good 
only for thermocouples that are alike. If a galvanometer has a 
temperature scale that is correct for a standard platinum, 
platinum-rhodium couple, of which one wire is pure platinum 
and the other wire is 90 percent platinum and 10 percent 
rhodium, this galvanometer with this scale can be used with any 





2The Thermo Element as a Precision Thermometer, by Walter P. White. The 
Physical Review, Vol. XXXI, No. 2, August, 1910. 

The Calibration of Copper-Constantan Thermoelements. By W. P. White, H. 
aie and E. F. Mueller. The Physical Review, Vol. XXXI, No. 2, August 
910. 

Measurement of High Temperatures. By Burgess and Le Chatelier, page 167. 
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standard platinum, platinum-rhodium couple; but if it were used 
with a platinum couple which was not standard, because of some 
deviation from the proper composition of one or both of the 
wires, the temperature readings would not be correct. This is 
due, of course, to the fact that at a given temperature the non- 
standard couple does not set up the same electromotive force 
as the standard couple. 


In the clay working industry it is desirable, ordinarily, to 
have a single galvanometer or potentiometer and to be able to 
read temperatures from a number of thermocouples with this one 
instrument. By the use of a suitable arrangement of leads and a 
selective switch, this is perfectly feasible and convenient, pro- 
vided the temperature scale of the instrument holds good for 
all the thermocouples. This raises the question of whether a 
manufacturer can obtain any number of thermocouples which 
are alike in their temperature readings and whether a couple 
purchased this year may be expected to check up with others, 
which have been in use for several years. This is a question 
which justifies somewhat thorough treatment. 


There are platinum couples on the market which do not 
check up with standard platinum couples. Furthermore, such, 
couples may not check up with each other. As an illustration, 
the calibration curves of three platinum couples is shown in Fig. 
1. Curve No. 1 shows the calibration of a normal, or standard, 
platinum platinum-rhodium couple. Curves No. 2 and No. 3 
show the calibration of two other platinum platinum-rhodium 
couples.. These were two out of a lot of several couples that 
were purchased together. It is evident that if a manufacturer 
were to attempt to use the last two couples without taking into 
account the individual calibration of each one, the results would 
be misleading and worse than useless. However, it is not 
necessary to accept such thermocouples. It is a simple matter 
to specify standard, or normal, platinum platinum-rhodium 
couples of standard calibration and to find out whether the 
couples furnished check up with that calibration. The calibra- 
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tion® for couples of pure platinum and go percent platinum, 10 
percent rhodium is as follows: 


TABLE 1 


Standard calibration for Pt. Pt.-Rh. (10 percent Rh.) thermo-element, 
cold junction at O° C. 




















MILLIVOLTS DEGREES CENTIGRADE MILLIVOLTS DEGREES CENTIGRADE 
| 
0 00 10 1037.3 
1 147.1 11 1122.2 
2 265.4 12 1205.9 
3 374.3 13 1289.3 
4 478.1 14 1372.4 
5 578.3 15 1454.8 
6 675.3 | 16 1537.5 
7 769.5 17 1620.9 
8 861.1 18 1704.3 
9 950.4 a ea b> eae oee 


The manufacturer or dealer supplying thermocouples should 
furnish a certificate giving the calibration of each couple. If 
at any time the calibration of a thermocouple is in doubt, it can 
be sent to the Bureau of Standards at Washington and its cali- 
bration determined. Or, if suitable equipment is available, 
couples of doubtful calibration can be checked up by comparing 
them with a couple of known calibration. A further discussion 
of this method will be given further on. 


Some evidence as to the reproducibility of thermocouples, 
that is, of the possibility of manufacturing thermocouples which 
are interchangeable, is given in the following‘ we may cite 
the case of the well-known Io percent platinum-rhodium normal 
thermocouples of Heraeus. They are reported to have main- 
tained the following constancy for the past six years :” 





8L. H. Adams. Calibration Tables for Copper-Constantan and Platinum — 
Platinum—Rhodium Thermoelements. The Journal of the American Chemical Society, 


D Vol xXXeovVl, Nos In vanuary, 1914: 


4 Circular: Bureau Standards, No. 7. Pyrometer Testing and Heat Measurements. 
5 Burgess and Le Chantelier. Measurement of High Temperature, p. 164 
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Average E. M. F. at 1000° C. 


Year Millivolts 
TOO4! sis os ae ee ee 9.52 
POOR) Ap eae Se eee ee 9.53 
TOOG A... 2 eth oe ek eee ee 9.53 
TQO7 Oe Si ate eat ae O257 
TQOS® co Sa ele ee i ee 9.59 
TQOQ o cks 2. Te he, Be ee ee 9.55 


It may be said in this connection that the Heraeus couples 
are still holding up to this creditable showing. American manu- 
facturers have not, so far, had this degree of success in the manu- 
facture of platinum couples. However, the matter of most im- 
portance to the user is that couples of standard calibration be 
obtained, which, as already stated, can be accomplished by 
specifying standard couples and comparing the calibration of 
each one with the standard calibration. The importance of this 
can hardly be exaggerated. 

The Galvanometer or Potentiometer. Reliable pyrometer 
ealvanometers and potentiometers have been produced by a 
number of American and European firms. Such an instrument 
may be expected to give satisfactory service for a number of 
years, and it is best to purchase a high class instrument at the 
outset. Because of the relatively long life of these instruments 
the first cost may properly be regarded as a secondary considera- 
tion in the selection of this part of the equipment. 


Several types of pyrometer instruments are available. The 
most valuable sort of instrument for use in connection with kiln 
burning is the multiple recorder type. The advantage of 
multiple recorders is that they automatically make record of the 
temperatures indicated by a number of couples. Such records 
may be made of great value in the attainment of efficiency in 
burning. Indicating instruments give as reliable readings as 
recording ones and by the use of a suitable commutator or switch 
arrangement, one indicating instrument will serve to take the 
readings from any number of thermocouples. The difficulty is 
that in order to make satisfactory records, some responsible per- 
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son must be at the instrument at certain times, to take the read- 
ings and write them down. When there are not enough responsi- 
ble persons available for what has to be done, the recording may 
be neglected and finally discontinued. 

Portable Instruments.— It may be desirable in certain 
conditions to take temperature readings in parts of a kiln where 
no thermocouples are regularly located. Small portable galvano- 
meters, of the pivoted type are convenient for this purpose. 
While not as sensitive as the less robust stationary form, these 
instruments, if of good make, are reasonably accurate. They 
are compact and do not require careful leveling. Special thermo- 
couple protection tubes are now on the market which resist sud- 
den heating and cooling, so that thermocouples may safely be 
inserted in and withdrawn from regions of high temperature. 
Such equipment, while convenient for certain purposes, should 
be regarded as secondary or auxiliary to the permanent installa- 
tion. 

Installation of Equipment. The pyrometer should be re- 
garded as an important, permanent and substantial part of plant 
equipment. High class apparatus should be secured and then it 
should be treated as:high class apparatus. Both requirements 
must be met in order to attain reliable temperature measurements 
by means of thermocouples. ‘The installation may properly be 
taken up under three headings: : 


Placing the Galvanometer or Potentiometer. Perhaps 
the first consideration in the location of the galvanometer or 
potentiometer is convenience for the kiln burner. The experienced 
kiln burner already has a sixth sense; the pyrometer is meant 
to provide him with a seventh, and to fulfill its purpose it must 
be conveniently and comfortably accessible to him. It should 
be in a permanent building, reasonably clean, reasonably free 
from jars and vibrations. Good light should be provided and- 
perhaps some means of heating. The instrument itself should 
be placed on something solid where it will remain level. It is 
well, in a clay ware plant, to provide an outer cabinet with a 
glass front to assist in keeping dust out of the instrument. 

Installation of Thermocouples. It is not necessary and 
perhaps in most cases not desirable, that thermocouples should 


i 7 RELIABLE TEMPERATURE MEASUREMENTS 


be permanently installed in kilns. Each thermocouple should be 
permanently placed in its protection tube, the two wires of course 
being kept insulated from each other. A suitable fixture, fitted 
and fastened to the open end of the protection tube, provides 
fastenings for the ends of the wires of the couple and binding 
posts for the wires that connect it with the galvanometer. This 
makes a simple, self-contained unit, which, when cold, can safely 
be taken from its position in one kiln and placed in another. 

There is a variety of opinions as to the best location for 
thermocouples in the kiln. Frequently they are placed in small 
openings through the kiln wall. In each of these openings should 
be permanently installed, a strong, reasonably thick, fire clay 
tube, closed at the- inner end. The end of the fire clay tube 
should project in several inches beyond the inner surface of the 
kiln wall. In this way a suitable position may be provided for 
the thermocouple without serious danger of accident to the porce- 
lain protection tube. 

Wiring. Connecting lines from thermocouples to gal- 
vanometer should be of insulated copper wire. The wire should 
not be excessively fine. The lines should be permanently in- 
stalled by a competent man. All permanent connections should 
be soldered; otherwise they are likely to become corroded and 
give rise to serious trouble. Temporary connections should be 
made by means of suitable copper connectors and not by twist- 
ing the wires. Switches, of copper, should be kept bright at con- 
tacts. Switches of the knife or plug type are to be recommended. 
The object of these precautions is, of course, to avoid excessive 
resistance in the circuit, as all resistances affect the readings. 
The resistance of the copper wires themselves, unless they are 
extremely long or excessively small, is negligible, but the im- 
portance of good connections, where connections are necessary 
at all, can hardly be over-emphasized. 

Care of Platinum Thermocouples. The one essential re- 
quirement in the use of platinum therocouples in ceramic kilns 
is that the couple itself shall be protected, by a suitable tube, 
from contamination. Platinum has a tendency to absorb impuri- 
ties, especially metallic vapors, even at relatively low tempera- 
tures. If subject to reducing conditions in the presence of sili- 
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cates platinum is affected even at low red heats. Contamination 
can be entirely avoided by always using the couple in an imper- 
vious, closed end tube. As stated before, porcelain protection 
tubes are best for high temperatures. If the kiln temperatures 
do not exceed 1000° or 1100° C. protection tubes of fused silica 
serve the purpose as well as porcelain. Fused silica tubes have 
the advantage of resisting sudden heating and cooling better than 
porcelain, but ordinarily there 1s no occasion to subject the tube 
to sudden heating or cooling. Fused silica tubes do not last 
well in high temperature service. | 

After long service, a platinum couple may finally deterior- 
ate, due to crystallization. In case of either contamination or 
crystallization the couple may be restored, partially, at least, by 
annealing. This is commonly. done by suspending the couple in 
air and heating it by passing an electric current through it. -The 
wire should be heated to a high temperature, and this tempera- | 
ture maintained for an hour or more. The temperature of an- 
nealing should be a reasonably close approach to the maximum 
temperature that the couple will stand without some spot in the 
wire getting too hot and parting. In case this should occur, the 
couple can be mended by welding. 


Welding Platinum Couples. One of the manifestations 
of deterioration of a couple by either contamination or crystal- 
lization, is brittleness and mechanical weakness. The proper 
treatment is annealing followed by mending by welding. The 
process of welding consists of butting the two ends together in 
a hot flame, such as the oxyhydrogen or the oxygen-illuminating 
Pocatiame or an -clecttic atc, Jf the electric arc’ is to. be used, 
cored carbons are to be strongly recommended. With ordinary 
carbons the arc has too much tendency to wander. In any case, 
colored glasses should be used for the protection of the eyes. In 
welding in the flame of the electric arc, it is best to have the car- 
bons so placed in relation to the eye that the line of vision is 
over the brightest part of the arc rather than through it. This 
makes it possible to see the ends of the wires of the couple much 
more clearly. These ends should be gradually moved in toward 
the brightest part of the arc until fusion begins, and then joined 
together. 
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Calibration of Thermocouples. If there is a question as 
to the correctness of the readings of any particular thermocouple, 
it is best. to have it calibrated. Couples which need correction 
should be sent to reputable physical laboratories of which there 
are several in the country. Among others, the Bureau of Stand- 
ards® was established by the government for the purpose of fur- 
nishing just such service to the public. If several thermo-couples 
are in use, or are to be in use, it may pay to provide means of 
checking them up at the plant. This can be done with a sufficient 
degree of accuracy by comparing the couple in question with one 
of known calibration. The couple that is to be used as the stand- 
ard of comparison should not be used except for this purpose. 
In comparing a given thermocouple with a standard couple, all 
cold junctions should be kept at the same temperature and the 
two hot junctions should be so placed that the temperature of the 
two will always be alike. This is conveniently accomplished by 
placing both couples in a piece of small, four-hole clay tubing 
with their junctions close together at one end of this tube and 
heating them in a small electric tube furnace. A suitable tube 
furnace can be purchased or one can be made by winding a strip 
of platinum foil or a piece of fine platinum wire on a piece of 
porcelain protection tube. The coil may be held in place by 
covering with a paste of kaolin or porcelain body and baking it 
on. Then a further covering of some good heat insulating ma- 
terial is put on. The tube furnace is heated by passing an elec- 
tric current through the coil. The current should be under con- 
trol. A water rheostat will answer for this, so that any desired 
temperature may be maintained, nearly constant. To establish 
a point on the calibration curve of the unknown couple, hold the 
temperature of the furnace constant, or nearly so, and take a milli- 
volt reading from each couple. The actual temperature of the 
furnace is readily determined from the reading of the known 
couple and the e. m. f. or millivoltage of the unknown corre- 
sponding to this actual temperature is shown by the millivolt 
reading of the unknown. It is well to assume that the furnace 


® Circular. of the Bureau of Standards, No. 7, Pyrometer Testing and Heat 
Measurements, p. 17. 
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temperature is not exactly constant while the readings are being 
taken and to proceed as follows: 


Read the known couple. 

Read the unknown couple. 

Read the known couple again. 

Use the average of the two readings of the known 
couple for comparison with the reading of the 
unknown. Any number of points in the calibra- 
tion curve of the unknown couple may be located 
by this method and the curve drawn in through 
these points. 


BR WwW DY 4 


In checking up a couple by this method, two precautions 
must be taken: 


1. Be sure the couple junctions are so arranged as to be 
at the same temperature. To secure this condition, the two junc- 
tions should be of about the same size and be located close to- 
gether near the center of the tube and on a level with each other, 
not one above the other. 


2. Watch for errors due to induction effect from the coil. 
Such errors are not likely to be found if couples are placed as 
outlined above. If present they can be detected by reversing the 
current through the coil. 


The galvanometer or potentiometer should not get out of 
order nor its calibration require checking up until it has been 
in service for a long time. When it does need attention, it may 
be sent to a laboratory that is prepared to adjust and repair in- 
struments for electrical measurements. 


The present highly developed and highly practical forms of 
the thermoelectric pyrometer make this aid to the attainment of 
better efficiency and better results in kiln burning, well worthy 
of consideration. The first cost, the possible opposition of kiln 
burners and the danger of not attaining consistently reliable tem- 
perature measurements must be taken into consideration. How- 
ever, a careful study of the last two of these contingencies should 
satisfactorily dispose of them, in which case the first cost of the 
installation would look only moderately formidable when viewed 
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in comparison with the values that are at stake in the burning of 
ceramic products. Study and supervision should be given to 
the selection, installation and use of pyrometric apparatus, but 
if the same intelligence and perseverance that are necessary in 
other departments of the factory practice are devoted to attain- 
ing the good service and full benefits of the pyrometric equip- 
ment, it may be depended upon to give a good account of itself, 
in contributing to the success of the plant. 


THE CONSTITUTION AND MICROSTRUCTURE OF 
PORCELAIN’ 


A. A. KLEIN, PITTSBURGH, PA. 


INTRODUCTION 


The question of the microstructure and constitution of bodies 
consisting of mixtures of feldspar, quartz and clay substance ig 
indeed an interesting one both scientifically and technically. Feld- 
spar, quartz and clay are the raw materials which enter into the 
manufacture of whiteware (porous, non-vitreous) bodies as well 
as in the manufacture of porcelain and allied (dense, vitreous) 
ware. Of interest scientifically are the physical and chemical 
changes affecting these materials which take place at temperatures 
in the vicinity of those employed in the burning of commercial 
ware. These can be studied by the microscopical examination of 
the burned product. Furthermore, of great technical importance 
would be the ability to determine by means of microscopic 
methods the approximate composition of a body and above all 
the temperature range at which the body was burned. Within 
limits, all this data can be determined by petrographic micro- 
scopical means. Apparently, therefore, this method of investiga- 
tion gives much information that cannot be determined by purely 
chemical means and ought to become an important tool in the 
hands of the ceramic investigator as well as the technical ceramist. 


LITERATURE 


The literature on this subject is voluminous. The first in- 
vestigators of the constitution. of porcelain were Brongiart and 
Malaguti’. They observed that a mixture of chemically pure 
silica, alumina, lime (as carbonate) and potash (as carbonate) 
in the proportions by weight which were obtained by the analysis 
of Sevres Porcelain gave a more fusible mass than when the 


1 By permission of the Director, Bureau of Standards. 
2Pogg. Ann. (1843) 89. 
(377) 
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oxides were originally in chemical combination with each other. 
Von Bischof? showed that the chemical constitution of the raw 
materials was of importance in the formation of porcelain. 
According to G. Rose* porcelain is either a mixture of feldspar, 
glass and kaolin, or what he considered more probable, the feld- 
spar and kaolin are, either wholly or partially, in chemical com- 
bination. According to the microscopic investigation of Behrens’, 
the kaolin is more soluble in the molten feldspar than the quartz 
in the formation of porcelain. The quartz partly retains its 
original crystalline condition while the kaolin exists entirely in 
the melt. When porcelains containing quartz are burned most of 
the quartz splinters become rounded through solution and are 
covered with a silicate zone which protects the quartz from 
further solution, especially since the groundmass is not sufficiently 
fluid for a diffusion of the different silicates. According 
to Behrens, the groundmass of a porcelain undergoes devitrifica- 
tion. The material separating from the glass is dissolved more 
slowly in hydrofluoric acid than the quartz and glass. Seger® 
reaches the following conclusions concerning his investigations on 
the changes involved in the burning of porcelain. “One or more 
constituents melt and have a solvent effect on the rest of the 
constituents. The undissolved portion forms a solid skeleton 
which holds together the form of the mass. At higher tempera- 
tures solution proceeds, and the pores of the mass are more or 
less filled with the liquid phase, until finally the pores are com- 
pletely filled and closed.” Seger deduced also that the influence 
of the feldspar on the kaolin is less than on the quartz. 

Of interest are the microscopic studies of Hussak’ who ex- 
amined thin sections of several porcelains burned at different 
temperatures. According to him a thin section of a very low 
burned specimen showed no change in the mixture, all the con- 
stituents being doubly refracting and clearly distingushable from 
each other. With an increase in burning temperature, the feld- 
spar melts and the formation of glass begins; the quartz is sharp 
grained, the amount of kaolin is, however, apparently smaller. 


3 Notizbl. (1875) 162. 
*Pogg. Ann. 66, 97 (1845). 
5 Pogg. Ann 150, 386 (1873). 
®Tonind Zeit (1876), 272. 
TSprechsaal (1889), 153. 
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With increased heating, the feldspar for the most part melts and 
the quartz likewise goes into solution. With a further increase 
in burning temperature, a still smaller amount of feldspar and 
only the larger quartz grains are observed in a colorless ground- 
mass. With high magnifications, a network of long, thin, weakly 
doubly refracting needles can be observed. Another burning does 
affect the constituents but little, there being more glass and gas- 
bubbles present. According to Hussak, therefore, porcelain con- 
sists of an amorphous groundmass with a few large quartz grains, 
a few large gas-bubbles and fine needles resembling sillimanite, 
FLOR 103. 

Vernadsky® heated refractory clay at white heat for 72 hours 
and observed small prismatic crystallites. These were optically 
positive, showed an extinction parallel to the prismatic axis and 
were not soluble in cold concentrated hydrofluoric acid. He ob- 
served similar but better developed crystallites by heating a 
mixture of alumina and silica in the molecular ratio of 1:2 to 
about 1400°. The needles often lay around unmolten alumina or 
silica. Isolated crystals analyzed 37.31 percent SiO, and 63.65 
percent Al,O,, which agrees closely with the theoretical analytical 
figures for Al,O;. SiO, viz. 37.02 percent SiO, and 62.98 percent 
Al,O;. Vernadsky also found that the two other modifications of 
Al,O,. SiO,, cyanite and andalusite changed to sillimanite at 
1320°-1380°. The latter has also been observed by other investi- 
gators. 

Mellor? observed crystallized sillimanite in a Chinese and 
Berlin porcelain and held the same views coneerning its formation 
as Vernadsky. 

Glasenapp*® came to the following conclusions as a result of 
his microscopic studies. All clays dissociate at a sufficiently high 
temperature into a glassy groundmass and a crystalline portion. 
Their dissociation increases with increasing temperature and with 
duration of burning. He believed that the glassy groundmass was 
richer in silica and that the crystalline material was richer in 
alumina. 








§ Bull. de la Soc. fr. de Min. 13, 256, (1890). 
®J. Soc. Chem. Ind. 26, 375 (1907). 
10 Tonind, Ztg. 31, 1167 (1907). 
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Plenske" has investigated the microstructure and formation 
of porcelain. He divides porcelains microscopically as follows: 


1. Porcelain without crystallites, in which he notes quartz 
grains of 2-30u in diameter with sharp edges and faces, very 
little being dissolved. Kaolin has lost its crystal outline but 
occurs as an aggregate of curled up amorphous grains 2-6 in 
diameter ; gas bubbles are also noted. 


II. Porcelain with very few isolated crystallites, which he 
notes in a glassy groundmass, amorphous Al1,O,.2SiO,, quartz, 
bubbles and prism crystallites showing double refraction, parallel 
extinction and positive optical character. They may attain 20p 
in length. Only a small quantity of quartz is dissolved. 


III. Porcelain with larger groups of crystals, consisting of 
a glassy groundmass with large groups of crystallites, cloudy 
amorphous Al,O,.2 SiO,, quartz more or less corroded with a 
zone of glass rich in silica. The crystallites occur irregularly, also 
grouped in parallel order and sometimes they show lattice 
structure. 

IV. Porcelain with larger groups of crystallites. This type 
shows an equal distribution of many crystallites in a glassy 
groundmass. The quartz varies greatly in amount and is more or 
less corroded. Amorphous Al,O,.2 SiO, is observed. According 
to Plenske the vitrification of porcelain proceeds as follows: The 
feldspar on fusion dissolves the kaolin and quartz, but more of 
the former than of the latter. The large quartz grains are dis- 
solved at the edges. On cooling, the crystals of sillimanite are 
formed by devitrification while in places where all the quartz is 
dissolved, glass is noted as the result of cooling. Kaolin burned 
in the high glost fire appears amorphous with but few crystals due 
to the fluxing action of impurities. In kaolin-quartz bodies no 
mutual chemical reaction takes place. Quartz-feldspar mixtures 
show mutual solution. Kaolin-feldspar mixtures show amorphous 
A1,O;.2 SiO, in cloudy form deposited in the feldspar glass, a 
phenomenon observed in porcelain. In part, solution has taken 
place with subsequent crystallization of sillimanite. The crystals 
of sillimanite appear only with a content of 50 percent clay sub- 








at Siprechsaal, 41,. No. 20, 21, 
Tonind Zeit. 82, 1343-5 (1988) 
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stance and are best developed in 75 percent clay substance and 25 ~ 
percent feldspar. With a ratio of 1 clay to 3 feldspar no devitri- 
fication takes place. The longer and higher the burn the greater 
is the number of crystals formed, excepting in those bodies high 
in feldspar burned at cone g or below. Porcelain thus appears to 
be hypocrystalline and prophyritic consisting of a glassy ground- 
mass, amorphous Al,O,.2 S1i0,, corroded crystals of ae 
sillimanite and cavities or bubbles. 


A. Zoellner’? made a painstaking study of porcelain. Huis 
work consisted in the preparation of porcelain bodies, their micro- 
scopic study and the separation of the crystalline portion by 
means of dilute hydrofluoric acid (30-35 percent). He found that 
feldspar at the temperature of the porcelain kiln may dissolve 3.5 
percent alumina, 14 percent clay substance and 60-70 percent 
quartz. These relations are not changed in the presence of more 
than two components. Hard porcelain consists of a glassy 
groundmass filled with numerous needle-like crystals, corroded 
quartz and many air bubbles. The crystals agree optically with 
sillimanite. Porcelain burned at a temperature lower than cone 
12 shows fused feldspar, partially attacked quartz and an amor- 
phous silicate, probably dehydrated clay substance. The analysis 
of the residue from two porcelains and Seger porcelain, isolated 
with hydrofluoric acid, showed the molecular ratio of SiO,:A1,O, 
to be 1:1 confirming the optical evidence of the presence of 
sillimanite. All the sillimanite is derived from the kaolin or clay 
substance and is not due to devitrification (as Plenske held), but 
to a molecular change of the clay substance, an action which is 
accelerated by the presence of fluxes. Clay substance is thus split 
up into an amorphous, glassy silicate higher in silica and into the 
crystalline silicate higher in alumina, sillimanite. Optical or 
chemical examination offers a means of distinguishing between 
hard-burned and soft-burned porcelain, the formation of silli- 
manite being the criterion. 


Watts? comes to the following conclusions: A hard spar 
will do no more than bond the other constituents at temperatures 
lower than cone 9. The clay substance is first dissolved in the 


12 Sprechsaal, 41, 471—3 continued and ending 533-6. 
18 Trans. Am. Cer. Soc., 11, 185-201 (1909). 
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feldspar glass, and later the flint particles begin to be dissolved 
until at cone 10 the porcelain begins to show evidence of silli- 
manite crystallization. At cone 13, a hard spar becomes com- 
pletely fused and is completely fluid permitting such crystallization 
as conditions and other ingredients will allow. 


PRESENT INVESTIGATION 


In order to obtain as much information as possible on the 
constitution and microstructure of porcelain, it was decided to 
investigate the changes involved in each of the raw materials by 
burning at various known temperatures, in systems consisting of 
two of the raw materials, and in what might be classed as a 
ternary system of the three raw materials, feldspar, quartz and 
kaolin. Furthermore, it was proposed to examine commercial 
specimens representing the technical practice in various countries. 


Both the method of immersed grains and that of thin sec- 
tions were used in the petrographic examinations. The latter 
method is too well known for extensive comment, and it suffices 
here to state that the thin sections were ground, prepared and 
mounted in the usual manner. This method was used only for 
photography and as an adjunct to the method of immersed grains 
to furnish data on the structural relationship of the constituents, 
but even here it was limited in the scope of its applicability, owing 
to the extreme minuteness and intergrown character of. some of 
the constituents. 


For the determination of the physical and chemical changes 
taking place in the burning of the specimens and to obtain reliable 
data concerning their constitution, the method of immersed grains 
was employed. It furnished information to some extent regarding 
structural relations, especially where observations had to be made, 
with high magnifications on poorly developed material. The 
method consisted of detaching a small piece of the specimen to be 
examined, tapping it to a powder of the desired fineness and im- 
mersing portions of the powder in liquids of known indices of 
refraction. The advantages of this method over that of thin 
sections in the study of artificial silicates has been repeatedly 
shown by the Geophysical Laboratory in their researches and by 
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our laboratory in the studies on the constitution and hydration 
of Portland cement. 

A. Feldspar. The melting points and thermal relations 
of the feldspars have been thoroughly investigated. Orthoclase 
and microcline are used almost exclusively in the production of 
porcelain, although some of the plagioclases may occur as im- 
purities in the feldspar raw material. According to many in- 
vestigators orthoclase melts under 1200° to an apparently solid 
isotropic phase. The melting interval is not sharp but extends 
through quite a range of time. As the temperature is raised above 
the melting point, the viscosity of the isotropic phase is lowered 
and eventually at about 1300° the isotropic phase forms a thick 
viscous liquid which is extremely resistant to devitrification. 

The plagioclases form a complete isomorphous series with 
albite and anorthite as end members. According to Bowen™* 
albite meltsat 1100" = 10° and anorthite at 1550° + 2°.- He has 
also determined the solidus and liquidus temperatures for all the 
intermediate concentrations and the curves representing these 
temperatures are typical for completely isomorphous series. 

B. Silica. Concerning tthe thermal properties of silica, 
Fenner” reports the following: 

a quartz (stable at ordinary temperature) inverts to 8 quartz 
at 575°. At 870° + 10° with the aid of sodium tungstate as a 
flux, @ quartz inverts to 8, tridymite, and with the same flux 
at 1470° + 10° £B, tridymite inverts to 8 cristobalite which melts 
at 1625°. With an absence of mineralizer and with fairly rapid 
cooling, B cristobalite does not revert to 8, tridymite, nor does 
8, tridymite revert to B quartz. £ cristobalite reverts readily to 
a cristobalite at about 180°-270° and £, tridymite reverts like- 
wise to B, tridymite at 163°. The latter compound reverts to a 
tridymite at 117°. Time is a great factor in the quartz-tridymite 
and tridymite-cristobalite inversions. It is easily possible to 
heat quartz rapidly enough so that it will invert above 1400° at 
once to cristobalite with probably only a small quantity of 
tridymite. With the thermal behavior of feldspar and quartz 
well-established, it was thought unadvisable to repeat this work. 

14Z. Anorg. Chem. 82, 283-307. 


Am. J. Science, 35, 577-99 (1913). 
J, Wash. Acad. Sci. II, No. 20 (1912). Am. Jr. Sc. 36-331-84 (1913). 
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C. Kaolin. Kaolin is an inclusive term applied to com- 
pounds. of the general type) ALO; 2510) 20Gy (koctmite)e 
Some of the white burning clays approach the composition of 
pure kaolin very closely. 


Kaolin is a material concerning whose behavior on heatting 
many and varied opinions have been held. It is known, for ex- 
ample, that the combined water is lost within a certain tempera- 
ture range, Le Chatelier, Hillebrand) FW .Glarkaa cecil, 
Knote, Ashley, Mellor and Holdcroft, Rieke and others have 
found different endothermic ranges. Perhops the most authorita- 
tive investigation of this problem is that of Brown and Mont- 
gomery’®. They found that the combined water is expelled at 
comparatively low temperatures, so that even at 450° the bulk 
of it may be driven off. In heating clay to constancy of weight 
at different temperatures, the velocity of the dehydrating re- 
action 1s very slow at first and becomes suddenly rapid at 500°. 
The remaining portion of the water is removed more slowly so 
that a temperature of not less than 800° 1s required to accom- 
plish complete expulsion. 


Furthermore, an exothermic energy change was noted at 
about 925° by Le Chatelier and by Ashley*’, and at about go0° by 
Mellor and Holdcroft**. From a study of the hygroscopicity, 
specific gravity, and solubilities in hydrochloric acid of clays 
heated to 600°-700°, Mellor and Holdcroft concluded that above 
500° kaolin dissociates into free alumina, free silica and water. 
The exothermic change noted may be a physical change of the 
alumina. The formation of sillimanite at higher temperatures 
is then due to a recombination of a part of the free silica with 
alumina. 


Sokoloff’? from his study of the solubility in hydrochloric 
acid of clays heated to various temperatures, reached conclusions 
similar to those of Mellor and Holdcroft. According to Sokoloff 
the free alumina resulting from the dissociation of the kaolin 
may not be identical with aluminium hydroxide in pure condition. 

16 Bureau of Standards Tech. Paper No. 21 (1913). 

17 J, Ind. Eng. Chem. 8, 91-5 (1910). 


18 Trans, Eng. Ceram. Soc. 10, 94-120. 
19 Tonind. Zeit 36, 1107-1111. 
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In the present investigation two fairly pure kaolins were 
used, a washed North Carolina kaolin and an English kaolin. 
The chemical analyses were as follows: 


North 

Carolina. English. 

percent. percent. 

STO ee 0 ee eer 45.80 47.68 
NO ee eee 38.65 2773 
INGA O ee an pe cee ome QI .70 
MO ee Ne oieear pee aa .26 .16 
1 O00 IE eee ate Mees Pak ea Lg .46 
INAS (Oat ererenlis Sa oA ha oo 05 .06 
Om ek et Sp rates = 23 .67 
Oe ee eee 14.00 12.55 


The microscopic examination of the North Carolina kaolin 
showed that the chief constituent was a kaolinitic material which 
occurred in extremely small, flaky grains. These grains appeared 
mainly amorphous, although a low order gray interference color 
was observed on a few. Due, however, to the low birefringence 
and the minuteness of the grains, interference figures could not 
be obtained. The index of refraction was, however, about 1.55. 
In addition was noted quite. a quantity of sericite, a smaller 
amount of fine-grained quartz and an extremely small amount . 
of biotite in greenish brown flakes. 

Kaolinitic material was the chief constituent of the English 
kaolin. It was noted in very fine flaky grains which, however, 
were larger than those of the North Carolina kaolin, and showed 
more of a tendency toward anisotropy. Indistinct biaxial nega- 
tive interference figures were obtained and the mean index of 
refraction was found to be 1.55. Sericitic mica was observed 
in a larger amount than in the North Carolina material, but no 
biotite was noted. A small amount of quartz was observed 
which was coarser grained than the other constituents. 

Both of these kaolins were heated in a platinum resistance 
furnace for 5 hours at 600° and for 2 hours at each of the fol- 
lowing temperatures: 900°, I100°, 1200°, 1300°, 1400°, 1450° 
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and 1500°. A microscopic examination was made of each of the 
burns. 

The examination of these specimens revealed the following 
facts. As soon as the water of combination was driven off, the 
kaolinitic material became entirely isotropic, but the index of 
refraction altered to only a slight extent. Then there was no 
profound change noted in the optical properties until the tem- 
perature of burning reached upwards of 1200°. At this point, 
there was noted a beginning of an incipient dissociation of the 
kaolinitic material which became manifest by the formation in 
very small amounts of two isotropic substances, one of which 
had an index lower than 1.50 and the other had an index higher 
than 1.60. They were extremely intergrown and showed no 
attempt toward crystal form. 

The dissociation remained incipient until a burning tem- 
perature of 1400° was reached, when a complete dissociation 
occurred and the two isotropic compounds noted above were 
formed. The higher refracting isotropic material showed no 
crystalline development, but occurred as extremely minute, almost 
submicroscopic, irregular to rounded grains intimately inter- 
grown with the lower refracting product of dissociation. The 
effect was such that, due to reflection and refraction of light 
passing through them, these grains of dissociated kaolin appeared 
cloudy and brownish in color. In addition, there were noted a 
few aggregates of minute, thin, prismatic crystals. These were 
apparently isotropic being too thin to show distinct interference, 
and the index of refraction, which could not be obtained ac- 
curately, was greater than 1.60. 

Between 1400° and 1450° nearly all the minute isotropic 
higher refracting grains assumed a prismatic development. Most 
of these minute needle crystallites were so thin as to be ap- 
parently isotropic, and their length was not over .o1 mm. For 
the most part they exhibited no regular orientation, but occa- 
sionally they showed parallel grouping, and sometimes these 
parallel grouped aggregates intersected each other at an angle 
of 60°, giving rise to a lattice structure. Occasionally an aggre- 
gate of these needles showed a first order gray to white inter- 
ference color. The extinction was then noted parallel to the 
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prism axis, and the character of the principal zone was positive. 
The index of refraction was about 1.64. Interference figures, 
although not often obtained, were biaxial, and the optical char- 
acter was positive. The plane of the optic axis was parallel to 
the prism axis. These optical properties agree with those given 
for the mineral sillimanite, Al,O,.SiO,. 


TRANS. A CER SOC VOL. XVM FIG./. ALEIN 
AGO 







Perce COMDOSNMO/? 


ey \ 

BS 
CS 
eo 
SL 

IX 

BABES) 
Pee N/V 


Feld 30a" GHWATE 








The evidence points to the fact that. these needle crystals 
result directly from the crystallization of the amorphous higher 
refracting compound noted in specimens burned at 1400°, since, 
firstly, the latter disappear with the formation of the needle 
crystallites. Secondly, in the specimens burned at 1450° a slight 
amount of amorphous high refracting material was noted from 
which minute needle crystals extended, showing this crystalliza- 
tion in an incipient state. It, therefore, seems certain that this 
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amorphous material is no more or less than an amorphous phase 
of sillimanite, and its formation results from the dissociation of 
the kaolin molecule before there is sufficient mobility for 
‘molecular orientation in any definite crystalline form. 

D. Feldspar-Quartz Series. The feldspar used was a 
Maine feldspar with the following analysis: 





SIO) Scalia lee. 8 lcd eae ee 69.56 
Al, Oe a. 220% Be ie ee ae eee 17-26 
FeOs 23 ieee See oa ee ee O30 
CaO) ac: 5: oe ae eee ee 22 
WY Fog @ Moments gt ge ee Oe en geo 12 
INE TO BI re a ee ey B54 
Kg Qe on: east a. ete ee ee 6.90 

98. 10 


It consisted for the most part of orthoclase with a small 
amount of plagioclase having a composition about that of albite- 
oligoclase. In addition quartz and muscovite and microcline were 
noted in approximately equal amounts. A quantitative micro- 
scopical determination of the quartz and muscovite gave a value 
of ten percent, indicating the presence of about five percent quartz 
and five percent mica. 

The following mixtures (see Fig 1) were prepared and 
burned at 1340° and at 1460°. 


Mark Feldspar - Quartz 
percent percent 
| sats peace ae eRe a 5, 95 5 
ied RO germane Te 5 go 10 
Apo ashe eee 85 15 
P20) SCR ee ee 80 20 
Pa25 “2 ao rere 75 25 
baat (© plrg ie uemitan ae Some 70 ae) 
Pao te 3 eae 65 35 
BHAO Pitan ae eee 60 4O 
Beans ees oe eee 55 45 


BS50.'¢ ce ee ere 50 50 
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Fic. 2. Showing specimen with a composition of 90 percent feldspar, 10 percent 
quartz, burned at 1340°. Note the extremely small amount of quartz dissolved in 
the feldspar glass as evidenced by the amount of quartz present and the infre- 
quent developmert of rounded, etched grains. This photograph was taken in ordinary 
light. Magnification = 300 diam. 5 





Fie. 3. Identical: with Fig 2 except that this photograph was taken in plane 
polarized light, crossed nicols. Note the crystallinity of the quartz and the isotropy 
of the glass. Magnification = 300 diam. 


390 CONSTITUTION AND MICROSTRUCTURE OF PORCELAIN 


The mixtures made up to the above percentages were placed 
in a refractory unglazed chemical porcelain crucible and heated in 
a large down-draft gas-fired kiln, using compressed air. The 
total time consumed in making a run was about 24 hours, and the 
kiln was kept at the desired temperature for 2-3 hours. 

E-5 .(1340°). The microscopic examination revealed the , 
fact that the feldspar melted entirely to a glass and that the quartz 
was present as irregular grains showing more or less angularity, 
and but a small amount of solution in the feldspar glass, as was 
evidenced by a slight rounding of the corners and edges of the 
smaller grains. Quantitative microscopical determinations of the 
amount of undissolved quartz present gave an average of about 
nine percent. Since about five percent quartz was present origin- 
ally and five percent was added, it can be seen that only a small 
amount of solution took place. 

F-10 (1340°). This specimen showed exactly the same struc- 
ture as F-5, but for the increased amount of quartz. Grains of 
the latter showed but little rounding and the quantitative micro- 
scopic determinations indicated that about fifteen percent was 
present. 

B-15, etc. (1340°:). These specimens resembled each other 
as well as F-5 and F-10 in constitution and structure. They dif- 
fered from each other in the increasing quartz content, and the 
correspondingly decreasing feldspar glass content. In all cases 
the amount of quartz dissolved was small, and only the smaller 
grains showed slight but appreciable rounding due to solution. 
(See Figs. 2, 3, 4 and 5). The quantitative determinations of 
quartz present affirmed the statement that the solubility of the 
quartz at this temperature is comparatively small. F-40/ which 
originally contained about forty-three percent quartz, gave an 
average of about forty percent present. Likewise, F-45, whose 
quartz content must originally have been about forty-eight per- 
cent, gave an average of about forty-five percent present. 

F-5, etc. (1460°).— The quartz dissolved in the feldspar 
glass in all the specimens except F-40, F-45 and F-50. In these 
specimens there was a trace of quartz left which was noted in 
very small round grains, (See Fig. 6). For all practical pur- 
poses it may be said that quartz dissolves in a feldspar melt at 
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Fic. 4. Showing specimen consisting of 55 percent feldspar and 45 percent 
quartz burned at 1340°. Except for the additional quantity of quartz present, note 
the similarity to Fig. 2. This photograph was taken in ordinary light. Magnification 
= 300 diam. 








Fig. 5. This photograph is identical with Fig. 4 except that it was taken in 
plane polarized light, with crossed nicols. Note the increased amount of quartz 
here aS compared with Fig. 3. Magnification = 300 diam. 
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or below 1460° at least at the concentration of fifty percent 
quartz to fifty percent feldspar. 3 

E. Feldspar-Kaolin Series. The same Maine feldspar 
was used in this series as was used in the feldspar-quartz series. 
The kaolin was the washed North Caroline kaoliin described 
previously. 

The following mixtures (see Fig 1) were prepared and 
burned at 1340° and at 1460°. 


Feldspar Kaolin 


percent percent 
CoS? cae ee genet 95 5 
(IO: Sito a ee e go 10 
(C75 220 oe eee 85 15 
G20" Se Ga ae ee So 20 
Oo) ee rr a ee 75 25 
(C530 era wee ee FO. 30 
Ore Lp eer en es 65 35 
(AO tot eee ct eieeees one 60 40 
Gy Limon ae home ere 55 45 
Gr BOy anu scwitarias terse ahaa! 50 50 


The data on burning is identical with the data given on the 
burning of the feldspar-quartz series. 


C-5 (1340°). In this specimen the feldspar melted entirely 
to a glass containing inclusions of quartz which was introduced 
aS an impurity in the feldspar and kaolin raw materials and 
aluminium silicate. The quartz inclusions showed but little solu- 
tion as indicated by a slight rounding of the sharp corners of the 
small grains, whereas the larger grains were angular. There 
appeared to be no profound difference in the refractive index 
between the glass adjacent to the quartz grains and the glass at 
a distance from them. | 


The original kaolinitic material disocciated entirely into silica 
and aluminium silicate. The former lost its entire identity in the 
feldspar melt, whereas the latter was observed in apparently 
isotropic aggregates of almost submicroscopic individuals whose 
index (greater than 1.60) was much higher than that of the glass. 
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Fic. 6. Showing the specimen with a composition identical with that of Fig. 4, 
burned at 1460°. Note the last vestige of undissolved quartz grains. Magnification 
= 300 diam. 














Fic. 7. Showing the feldspar-clay body containing ten percent clay and ninety 
percent feldspar. This body was burned at 1340°. Note the fine grained, non- 
crystalline appearance of the amorphous sillimanite, and the presence of undissolved 
quartz grains which entered as impurities in the feldspar and clay raw materials. 
Magnification = 360 diam. 
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If crystallization had taken place at all, the prismatic crystallites 
were less than .002 mm. in greatest dimension 


C-10, etc. (1340°)}.— In all the specimens of the series the 
feldspar melted, and quartz dissolved in the feldspar glass to 
only a small degree. The kaolinitic material, however, differs 
somewhat in the various specimens. In C-10, the condition of 
the aluminium silicate was the same as-in C-5; it was apparently 
amorphous sillimanite, (See Fig. 7). In C-15 a few sillimanite 
needle crystallites were observed, and the amount increased. as 
the kaolin content increased at least up to the kaolin concentra- 
tion . C-50. 

5, (1460°).— Microscopically this specimen een of 
a eae isotropic glass, showing neither quartz, amor- 
phous sillimanite, nor sillimanite crystallites. Of particular in- 
terest was the complete solution in the feldspar glass of the small 
amount of aluminium silicate present at 1340°. 


C-10, etc., (1460°).—In these specimens the quartz had 
practically all dissolved, since at most only a trace of minute 
rounded grains were observed. Sillimanite needles, (See Fig. 
8), occurred in all the specimens in increasing amounts as the 
kaolin content increased. The needles were perfectly developed 



































TABLE I. ANALYSES OF MATERIALS USED IN THE PREPARATION 
OF FELDSPAR-QUARTZ-CLAY SPECIMENS 
NORTH TENNESSEE GEORGIA 3 
emer pane sp ine FELDSPAR QUARTZ 
| | 

percent | percent | percent | percent | percent 
Silica 84 cae) weaiten sicathane 45 .84 | 50.80 45 .69 70.79 99 .23 
Alumina tye ae 38.46 | 382.09 BT 02 16.75 0.382 
Ferricroxides ins. os eee 0.57 1.56 0.53 0.22 10 
Titanitm box ides... 7oe- Rt 1.23 161 Al ao conte ee eee 
Calcitiniy Oxide ase, eee 19 | 0.18 | 18 24 08 
Magnesium oxide.... 08 | 40 525° | 18 13 
Sodiunmimoxide. oz. s. 2s 07 | 38 Be of ian Sd eee en one 
Potassium “oxide...2. 2%. | 35 tal4 20 8.26 | aor eee 
oss. On ignition..:..... 14.44 | 12.49 14.05 46 | 22 
sLetal.. aaxscwsmioe | 100.11 | 100.27. | 100.44 100.19 | 100.08 








NOTE — In the feldspar-quartz-clay specimens, the clay was introduced as North 
Carolina kaolin, Tennessee ball clay and Georgia kaolin in the proportions of 5:1: 1. 
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Fieg. 8. Showing innumerable fine sillimanite needle crystallites developed by 
heating a body ccnsisting of fifty percent clay and fifty percent feldspar to a 
temperature of 1460°. Magnification = 360 diam. 








Fig. 9. Showing specimen No. 4 with a composition of 35 percent clay, 19 
percent feldspar and 46 percent quartz. It was burned at 1400°. Note the pres- 
ence of well developed acicular sillimanite crystals, in one instance showing the 
typical lattice structure. Note also the considerable quartz solution. Magnifica-— 
tion = 500 diam. 
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and were comparatively large. For the most part they possessed 
no definite orientation, although occasionally the parallel group- 
ing and the lattice structure described previously were noted. 


F. Feldspar-Quartz- Clay Bodies. 1. First series (high 
quartz, low feldspar).— The specimens of this series were pre- 
pared by Bleininger and Teetor in their study on the viscosity of 
porcelain bodies*®. The data on their composition and burning 
will be given here but briefly since it may be found in full detail 
in the report of their work. 


The compositions are indicated in Table II and Fig. 1. 
These must be regarded as approximate to a degree, since they 
do not represent the analyses of the burned specimens but are 
calculated from the analyses of the raw materials given in Table 
I. It may be noted that these bodies are comparatively high in 
quartz content and low in that of feldspar. Some in fact ap- 
proach in composition that of typical whiteware bodies. The 
clay used was a mixture of five parts of North Carolina kaolin, 
one part Georgia kaolin and one part Tennessee ball clay. The 
firing of all the specimens for the viscosity investigation was 
carried to the following temperatures: 1065°, 1100°, 1125°, 
T160°, T190°, 1220°; 12507, 12801310 = sserthat ercn pepectnies 
examined microscopically was subjected to nine different burn- 
ings between 1065° and 1310°. Furthermore, these specimens 
after having been examined, were reburned at 1400° for observa- 
tion concerning the changes involved between 1310° and 1400°. 


A glance at Table II will indicate that series I consists of 
4 sub-series. In each sub-series the clay content has been kept 
constant and the feldspar varied with the quartz. Thus the sub- 
series are as follows: 35 percent clay, 10-19 percent feldspar 
and 55-46 percent quartz; 40 percent clay, 10-25 percent felds- 
par and 50-35 percent quartz; 45 percent clay, 10-25 percent 
feldspar and 45-30 percent quartz; 50 percent clay, 19-22 per- 
cent feldspar and 31-28 percent quartz. The microscopic ob- 
servations will be given collectively for each sub-series. 


Specimens 1-4, (1310°).—In general these specimens 
closely resembled each other in the changes undergone by the 


20 Bureau of Standards, Technical Paper No. 80 (1914). 
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raw materials and in the development of new constituents. The 
most important constituent observed was quartz. This mineral 
was noted in angular grains of variable size which showed prac- 
tically no evidence of solution. The amount of quartz decreased 
from Nos. 1 to 4. Both the clay and the feldspar lost their orig- 
inal identity. The latter melted to a low refracting glass which 
increased in amount from Nos. 1 to 4. The clay dissociated al- 
most entirely into silica and aluminium silicate. The silica dis- 
solved in the feldspar glass, but the aluminium silicate was ap- 
parently not soluble at this temperature. It was noted, (1) mainly 
as amorphous sillimanite in minute rounded isotropic inclusions 
in the glassy groundmass, and was distinguished from the ground- 
mass by its index of refraction which was greater than 1.60; 
(2) asa small quantity of true sillimanite occurring in extremely 
fine needle crystals about .o1 mm. in length. These were mainly 
apparently isotropic. Aggregates of these needles showing double 
refraction could be observed; the extinction was then noted 
parallel to the prism axis, the axis of elongation of the needles. 
The character of the principal zone was positive, and the mean 
index of refraction was found to be about 1.64. The ratio of 
the amount of. crystallized to amorphous sillimanite did not vary 
jaecpecinens 1,-2, 2 and 4, 

Specimens 5-10, (1310°). — These specimens resembled 
each other microscopically. The original quartz was noted un- 
changed, and the angularity of the grains was proof that prac- 
tically no solution had taken place. The amount of quartz de- 
creased from specimen 5 to specimen 10. Both the feldspar and 
the clay lost their original identity. The feldspar melted to 
a low refracting glass which dissolved the silica formed by the 
complete dissociation of the clay. The other dissociation prod- 
uct of the clay, aluminium silicate, was observed both as amor- 
phous sillimanite and crystallized needles of sillimanite. As in 
specimens I-4, the amount of the latter was much smaller than 
that of the former. Crystallites were very minute and often 
times could be observed with only the highest magnifications. 

Specimens 11-16, (1310°).— The data on the microscopi- 
pal examination is very nearly the same for each specimen. The 
original feldspar melted entirely, and the amount of feldspar 
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glass increased from specimen II to specimen 16. The content 
of quartz decreased from specimen II to specimen 16, but the 
character of the quartz grains were identical, and the amount of 
solution in the feldspar glass was practically nil. The clay 
showedicomplete dissociation with the formation of silica, amor- 
phous and crystallized sillimanite. The silica dissolved com- 
pletely in the glass. The sillimanite was noted mainly as amor- 
phous sillimanite with a very small amount of fine needle crystals, 
most of which were too minute to indicate birefringence. 

Specimens: 17-18, (1310°).— The microscopical examina- 
tion of these specimens revealed a similarity to the previous 
specimens. The complete melting of the feldspar was noted, as 
well as the complete dissociation of the clay with the formation 
of much amorphous sillimanite and a little crystallized sillimanite 
in very fine needles. As observed previously the quartz showed 
practically no solution. 

Specimens 1 to 4, (1400- )2-—— These specimensiat see sia = 
9), showed fundamental differences from those burned at 13202. 
A considerable decrease was noted in the amount of free quartz, 
brought about by its solution in the glass. The solution was, 
however, by no means complete. The residual quartz grains 
were much rounded and etched. The solvent action proceeded 
more rapidly along the edges and along the fracture cracks of 
the quartz resulting in rounded grains and in aggregates of 
rounded grains containing interstitial glass. The amount of resi- 
dual quartz decreased from specimen I to specimen 4. 


Another fundamental change noted was the great increase 
in number and, to a lesser degree, in size of the sillimanite needle 
crystallites, accompanied by a corresponding decrease in the 
amount of rounded inclusions. The tendency toward crystalli- 
zation was noted by the attempts at elongation of some of the re- 
maining amorphous sillimanite grains. These assumed a club- 
like form which could be observed only with higher magnifica- 
tion. 

The amount of glass increased from specimen I to specimen 
4. Moreover owing to the increased solution of quartz, the 
amount of glass in each of the specimens was greater than the 
amount in the specimens burned at 1310°. 
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Specimens 5 to 10, (1400°).— The changes involved in 
raising the burning temperatures from 1310° to 1400° were 
identical with those observed in specimens 1-4. Quartz showed 
a considerable decrease in quantity, and the residual quartz 
grains bore evidence of solution, viz., rounding and etching of the 
grains. The amount of quartz decreased from specimen 5 to 
specimen 10. 

Sillimanite needles were noted in much greater amount than 
the amorphous sillimanite. ‘These were in most instances very 
minute, but occasionally individuals were noted 20m in length. 
They occurred mainly in irregular aggregates, but aggregates 
showing parallel grouping and the lattice structure described 
previously were also noted. The small crystallites were appar- 
ently isotropic while the larger ones sometimes showed the first 
order yellow interference color. Extinction parallel to the axis 

of elongation was' noted, and the principal zone was positive. 
_ Biaxial interference figures could occasionally be observed with 
a positive optical character, and the plane of the optic axis was 
parallel to the axis of elongation. Quantitative values for the 
indices of the a, B and y rays could not be obtained because the 
crystallites were much intergrown with glass from which these 
could not be completely separated. The approximate mean index 
was found to be slightly above 1.64. The optical properties 
establish the compound definitely as sillimanite, Al,O, Si0,. 
The amount of glass increased from 5 to 10. 

Specimens 11 to 16, (1400°).— The report of the micro- 
scopical examination of specimens I1 to 16 is similar to that of 
the preceeding sub-series. The considerable decrease in the 
amount of quartz with the corresponding increase in the quantity 
of glass was noted. The quartz grains were rounded and etched. 
They showed solution along the edges and along the fracture 
cracks. 

Observations on the growth of the amount and to a lesser 
degree of the size of sillimanite needles were made. The de- 
velopment of sillimanite between 1300° and 1400°-was similar 
to that observed with the previous specimens of Series I. The 
incipient formation of sillimanite needles from amorphous silli- 
manite was also noted in the elongation of the rounded grains 
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to form a club-like grain and in the cementing or agglomeration 
of a number of these rounded inclusions to form a prism-like 
crystal. | 

Specimens 17 and 18, (1400°).— The observations on 17 
and 18 burned at 1400° are similar to those of the preceding 
specimens burned at this temperature. The amount of quartz 
noted was considerably less than that noted at 1300°, and the 
grains showed evidence of much solution. A corresponding in- 
crease in the amount of glass was also noted. The sillimanite 
needles while greatly in excess of the extremely small amount of 
amorphous sillimanite showed no better needle crystal develop- 
ment than in the previous specimens of Series I where the quan- 
tity of original clay was smaller. 

‘(2) Second series (low quartz, high feldspar). The speci- 
mens of this series were prepared and used by Bleininger and 
Kinnison in their study on the viscosity of porcelain bodies*?. 
As with Series 1, the data on the composition and burning will 
be touched on but briefly here, since it is given in fuller detail 
in the report of their investigation. 

The compositions are indicated an dable Til and Fier 7, 
The figures in this table do not represent the true analysis of the 
burned specimens but are only approximate since they were cal- 
culated from the analyses of the same raw materials employed 
in Series I and given in Table I. From the data on composition, 
it is evident that some of these specimens are identical with typi- 
cal porcelain and floor tile bodies. The firing of all specimens 
with the exception of Nos. 2, 4 and 5 was carried to 1275°, 1295°, 
1315°, 1345°, and 1380°. The maximum temperature attained 
with specimens Nos. 2 and 5 was 1345°, and with No. 4 was 
T3t5. . 

From a consideration of Table III, it is seen that the series 
may be sub-divided into four sub-series in which the clay con- 
tent is constant and the feldspar varies with the quartz. These 
are as follows: 35 percent clay, 30-65 percent feldspar, 35-0 
percent quartz; 40 percent clay, 40 percent feldspar, 20 per- 
cent quartz; 45 percent clay, 30-55 percent feldspar, 25-0 per- 
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Fic. 10. Showing specimen No. 1 with a composition of 35 percent clay, 30 
percent feldspar and 35 percent quartz. It was burned at 1380°. Note the crystal- 
line sillimanite development and the evidence of considerable quartz solution. Mag- 
nification = 380 diam. 











Fre. 11. Showing specimen No. 13 with a composition of 50 percent feldspar 
and 50 percent clay, burned to 1380°. Note the development of sillimanite needles 
and the presence of an extremely small amount of residual quartz in mainly ellip- 
tical grains. Magnification = 300 diam. 
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cent quartz; 50 percent clay, 30-50 percent feldspar, 20-0 per- 
cent quartz. 

Specimens 1-5 — All the specimens of this sub-series can- 
not be compared with each other since the maximum burning 
temperature was 1315° in the case of No. 4, 1345° in the case of 
Nos. 2 and 5, and 1380° in the case of Nos. 1 and 3. 

The microscopic examination of specimen No. 4 revealed 
the complete melting of the feldspar to an isotropic glass. The 
quartz bore evidence of only a slight solution as attested by the 
incipient rounding of the edges especially of the smaller grains. 
Extremely fine sillimanite needles were noted, as was also amor- 
phous sillimanite. The needles were so minute as to be observed 
with only higher powers and only in a few instances could even 
the faintest interference colors be seen. 

The complete melting of the feldspar and the solution of 
quite a little quartz was observed in specimens Nos. 2 and 5. 
Not all the quartz had disappeared, even in No. 5 where the 
quartz present occurred only as an impurity in the clay and in 
the feldspar, a very small amount being noted in more or less 
rounded grains. Sillimanite needles appeared to be more plenti- 
ful than in No. 4 and slightly better developed, whereas amor- 
phous sillimanite occurred in smaller amount. 

Considerable solution of quartz was observed in specimens 
No. 1, (See Fig. 10), and 3, the latter containing an extremely 
small amount. No amorphous sillimanite was noted since it was 
changed completely to the crystallized form. Although they ap- - 
peared to be better developed than those of Nos. 2, 4 and 5, the 
major portion of the needle crystals was still very minute. Op- 
tical properties when obtained agreed with those given for silli- 
manite. | 

Specimen 6 — The final burning of specimens Nos. 6 to 13 
reached a maximum temperature of 1380°. Specimen No. 6 
showed considerable solution of the quartz in the glass. There 
was no amorphous sillimanite noted, and the needle crystals were 
for the most part minute and irregularly intertwined. 

Specimens 7-10. — Considerable solution of the quartz was. 
also noted in the specimens of this sub-series. Specimen No. 9 
contained only a very small amount of residual quartz observed 
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in rounded grains showing profound solution. Number 10 con- 
tained only a trace of quartz. Sillimanite was noted in thin 
acicular crystallites which occasionally showed parallel group- 
ing and lattice structure, although they were mainly irregularly 
intergrown. The amount of glass increased from No. 7 to 10 
with a corresponding decrease in the amount of quartz, while 
the amount and development of the sillimanite in each showed 
no appreciable differences. 

Specimens 11-13.— The conditions obtaining in this sub- 
series were analogous to those in the previous sub-series. Solu- 
tion of the quartz took place to a considerable degree, and the 
residual quartz grains were very much etched and rounded. 
That complete solution did not take place was evidenced by a 
trace of quartz noted in specimen No. 13, where it occurred only 
as an impurity in the feldspar and clay raw materials, (See 
Figecnr ), 

Practically no amorphous sillimanite was noted. The silli- 
manite crystallites varied in size from minute needles showing 
apparent isotropy to some about 50 pw in length in. which first 
order interference colors were observed and which agreed with 
the mineral sillimanite in the determinable optical properties. 

G. Pores, Communicating and Sealed. In all the speci- 
mens examined in this investigation bubbles and blebs have been 
noted more or less regularly. No especially close observations 
have been made on these, since most of them were destroyed in 
the preparation of the specimens for examination which was 
effected by tapping to a fine powder. In general our observa- 
tions have been that a porous structure with communicating pores 
in greater amount than sealed pores is present in bodies burned 
at lower temperatures (e. g., the temperature of burning of white- 
ware bodies). With increase in burning temperature, the com- 
municating pores decrease and the sealed pores increase, but 
with still further increase in burning temperature e. g., in hard 
fired-porcelain bodies, the sealed pores also decrease, although 
no body was examined in which they had totally disappeared. 

H. Results Obtained From the Study of Laboratory Pre- 
pared Bodies. Kaolin suffers little optical change with heat- 
ing up to 1200°. At this temperature the grains appear to be 
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homogeneous, isotropic, with an index slightly higher than that 
given for the mineral kaolin. Above this temperature a slow 
incipient dissociation occurs up to about 1400° when the ma- 
terial is entirely dissociated into what appears to be amorphous 
silica and amorphous sillimanite. With heating to 1450° the lat- 
ter gives rise to characteristic needle ‘crystals joi ‘sillimamite, 
When a flux e. g., feldspar is present, this dissociation proceeds 
at lower temperatures, and the silica loses its identity by solu- 
tion in the feldspar melt. Thus at 1340°, kaolin is entirely dis- 
sociated with the formation of both amorphous and crystalline 
sillimanite and with still higher temperature the amorphous mod- 
ification crystallizes entirely, and the sillimanite crystals develop 
in Size. 

The investigation of the feldspar-quartz series shows that 
quartz is but slightly soluble in a feldspar melt at 1340°, but that 
with increase in temperature solution proceeds to a greater ex- 
tent and that at 1460° in melts which originally contained fifty 
percent quartz, there exists no more than a trace of undissolved 
quartz. 

The study of the clay-quartz-feldspar series reveals a 
number of interesting facts. The feldspar is the first consti- 
tuent to melt. It then acts as a flux-solvent in the solution of 
the other constituents. In both high quartz-low feldspar and 
low quartz-high feldspar bodies, burned at 1310°, the original 
clay dissociates into both amorphous and crystalline sillimanite, 
the former greatly predominating. The sillimanite needles are 
so extremely small that often they appear isotropic with crossed 
nicols. Quartz is only slightly soluble at this temperature and 
the quartz grains show distinct angularity with little evidence of 
solution along the edges. } 

At higher temperatures (1380°-1400°) the amorphous silli- 
manite disappears and gives rise to crystallized  sillimanite. 
These crystals appear to grow somewhat in length and thick- 
ness, and oftentimes parallel grouping and lattice structure are 
noted. Quartz, also, dissolves to a considerable extent, and the 
residual grains of this constituent show much rounding of the 
corners and edges. In fact the tendency is toward elliptical and 
spherical grains. 
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TABLE IV. TEMPERATURE OF PORCELAIN BURNING AS INDICATED 
BY THE CONSTITUTION AND MICROSTRUCTURE 
OF THE BURNED SPECIMENS 








PROBABLE BURNING 


OBSERVATIONS ON CONSTITUTION EAN MICROSTRUCTURE TEMPERATURE 





Feldspar melted to a glass, no apparent dissociation 
of dehydrated clay; no solution of quartz...... About 1200° 


Feldspar melted; slight dissociation of dehydrated 
clay with the formation of amorphous silli- 
Riaiiters nosso urion, Of Uattz. 545.4 cu) ee oes About 1225° 


Feldspar melted, increase in dissociation of dehy- 
drated clay with formation of amorphous silli- 
Miaiive; 0 SOlUILION OL CUATIZ «0. . foes cosa cates About 1250° 


Feldspar melted; considerable dissociation of de- 
hydrated clay with the formation of amorphous 
SMMMaAnIte BHO SOMTION Ol QUaATE Zc. dc. sss « bsets aw About 1275° 


Feldspar melted; almost complete dissociation of 
dehydrated clay but the amount of sillimanite 
crystals are still very small; no solution of 
ENR AD a5 hed ue ehh a a ee ao ae ee About 1300° 


Feldspar melted; complete dissociation of dehy- 
drated clay with an increase in amount of 
sillimanite crystals although amorphous silli- 
manite still predominates; beginning of quartz 
SO ie Raat eee MRI ca See eo Oe cc g Ele s About 1325? 


Feldspar melted; sillimanite needles appear to be 
almost as plentiful as amorphous sillimanite; 
solution of quartz is still comparatively small 
although noticeably greater than at 13825°...... About 1350° 


Feldspar melted; amount of sillimanite needles 
present greater than that of amorphous silli- 
manite; quartz dissolved to quite an extent....; About 1375° 





Feldspar melted; dissociation product of de- 
hydrated clay consists entirely of crystal- 
lized sillimanite; quartz considerably dissolved..| About 1400° 


Feldspar melted; comparatively little undissolved 
quartz; porcelain consist almost entirely of 
glass and sillimanite needle crystals........... About 1425° or more 
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At this point we are led to a discussion of the question of 
the comparative solubility of kaolin and quartz in feldspar. Such 
a question is in the light of this investigation manifestly an in- 
definite one. What is meant by the solubility of kaolin? It has 
been definitely shown that kaolin dissociates into silica and alumi- 
nium silicate. It has been indicated also that the resultant silica 
is soluble in the feldspar glass, but that at the maximum tem- 
perature attained in this investigation, 1460°, the aluminium 
silicate is comparatively little soluble. Therefore to consider the 
solution of kaolin in feldspar at temperatures of porcelain burn- 
ing 1s to consider an action which does not take place. How- 
ever, if the criterion of the action of feldspar on clay is to be 
the solution in the feldspar melt of the silica resulting from the 
dissociation of the kaolin, then such a comparison can be readily 
made. Unqualifiedly it is as follows: Kaolin is more soluble 
in feldspar than quartz under conditions of temperature and 
time analogous to those of porcelain practice. 

I. The Temperature of Burning—Constitution and Micro- 
structure Scale. As stated previously it was hoped that there 
was a fairly definite relationship between the burning tempera- 
tures of porcelain bodies and the physical and chemical changes 
taking place in the raw materials and noted in the microscopical 
examination of the finished product. That such is generally the 
case may be seen from the results of the study of the feldspar- 
quartz, feldspar-clay, and feldspar-quartz-clay series. There- 
fore, relying on such a relationship the burning temperatures of 
the commercial bodies were predicted from the microscopical 
examination. The actual burning temperatures were not known 
to the author, but Prof A. V. Bleininger possessed the complete 
data, and a comparison of both showed that the predicted tem- 
perature of burning was remarkably close to the measured tem- 
perature. In fact an accuracy within 25° C. was maintained 
in nearly all cases. The scale is given in Table IV. 

J. Commercial Bodies. This series embraces bodies 
ranging from a whiteware body to a high-fired hard porcelain 
body. The technical practices of many countries are represented 
in order to determine the essential differences in constitution and 
microstructure effected in bodies of the same commercial class 
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by dissimilar conditions of burning. The practices of the fol- 
lowing countries are represented: United States, England, Ger- 
many, France, Austria and Denmark. 

Whiteware, Ohio. — The following constituents were noted: 
feldspar glass, dehydrated clay and quartz. The feldspar ap- 
peared to have entirely melted to a glass. The dehydrated clay 
was noted as amorphous grains which showed practically no 
evidence of dissociation into lower refracting silica and higher 
refracting amorphous sillimanite. The quartz grains were noted 
in considerable amount. They varied in size from almost sub- 
-microscopic grains to grains measuring .5 mm. across and showed 
absolutely no evidence of solution in the feldspar glass. The 
melting of the feldspar and the absence of dissociation of the 
clay was evidence of the fact that the Paps temperature of 
this body was not over 1200° 

Whiteware Body cauiciaws Brand).— The microscopical 
examination revealed the following facts. The feldspar had en- 
tirely melted to a glass acting as a cement for the other consti- 
tuents. Nearly all the dehydrated clay was unchanged. That 
an extremely small part did dissociate was evidenced by the 
presence of minute rounded amorphous sillimanite grains of high- 
er index than the other constituents occurring as inclusions in 
the dehydrated clay grains and in the glass. Quartz was. 
present in considerable quantities, but the grains showed no evi- 
dence of solution. The melting of the feldspar and slight dis- 
sociation of the dehydrated clay indicated a burning tempera- 
ture of 1200°-1225°. 

Whiteware — J and G Meakin Hanley, Eng. — The felds-. 
par melted to a glass acting as a binder for the clay and quartz. 
The observations on the clay were very unsatisfactory. There 
was considerable undissociated dehydrated clay present, but 
some of it appeared cloudy and brownish in color. The micro- 
scope did not resolve anything further of the structure of these 
brownish grains so that this condition is probably due to the 
presence of amorphous sillimanite grains which are just sub- 
microscopic in size. The quartz while not so plentiful as noted 
in the two American whiteware bodies was found in sharp cor- 
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nered grains giving no evidence of solution. The indications 
were of a burning temperature between 1200° and 1225°. 


Vitrified Ware, West Virginia. —.A considerable dissocia- 
tion of the dehydrated clay was noted with the formation of 
minute rounded isotropic grains of amorphous sillimanite and a 
trace of extremely fine needles of sillimanite. The silica result- 
ing from the dissociation lost its identity in the feldspar glass. 
Quartz was present in a considerable quantity and showed abso- 
lutely no evidences of solution. The partial dissociation of the 
clay indicates a temperature of burning of about 1250°. 


Vitrified Ware, New York. — The examination of this speci- 
men showed that the feldspar had melted completely. The de- 
hydrated clay had dissociated to a considerable extent to amor- 
phous sillimanite mainly with only a trace of minute sillimanite 
needles. A large quantity of quartz was noted, and the quartz 
grains. bore no evidence.oi solution,.(See fig, 12)" hes con- 
stitution of this specimen indicated a burning temperature of 
about 1250°. 


Sanitary Body, New Jersey. — The microscopical evidence 
in this body was analogous to that of the two preceding speci- 
mens. The feldspar had melted completely to a low refracting 
glass. The quartz grains showed no apparent solution. ‘The 
dehydrated clay showed considerable dissociation into amorphous 
sillimanite and an extremely small amount of fine sillimanite 
needles, all of which indicates a burning temperature of about 
L250) % 

Electrical Porcelain, Pennsylvania.— The important fea- 
ture of this specimen, (See Fig. 13), was the almost complete 
dissociation of the dehydrated clay with the formation of con- 
siderable amorphous sillimanite, and a much less amount of mi- 
nute sillimanite crystallites. There was only a very small quan- 
tity of undissociated dehydrated clay present. The quartz 
grains showed only a trace of solution, if any at all, and were 
sharp cornered in nearly every instance. The feldspar had melted 
entirely to a glass. The almost complete dissociation of the de- 
hydrated clay, the great preponderance of the minute rounded 
amorphous sillimanite grains over the sillimanite needle crystal- 
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Fia. 12. Showing a specimen of vitrified ware manufactured in New York. 
Note the absence of sillimanite needle development and the presence in the ground- 
mass of cloudy material whose structure cannot be resolved in a thin section but 
which is due to the presence of minute amorphous sillimanite. Note also the large 
quartz grains showing absolutely no solution. Magnification = 300 diam, 








Fic. 18. Showing a specimen of electrical porcelain manufactured in Penn- 
sylvania. Note the variation in size of the quartz grains and the absence of any 
evidence of quartz solution. The very small amount of crystalline sillimanite can- 
not be definitely seen in the photograph but the cloudiness of the groundmass, due to: 
amorphous sillimanite, may be readily recognized. Magnification = 300 diam. 
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lites and the absence of any decided solution of quartz indicates 
a burning temperature of 1250° to 1275°. 

Spark Plug Body. — The following observations were made 
on this body. A low refracting glass resulting from the melt- 
ing of the feldspar was observed. The dissociation of the de- 
hydrated clay had proceeded to a great extent with the for- 
mation of amorphous sillimanite and sillimanite needle crys- 
tallites of which the former greatly predominated. Quartz was 
present in considerable amount and appeared to have undergone 
no solution in the larger grains and a doubtful trace: of solution 
in the smaller ones. The microscopical evidence here was 
identical with that of the previous specimen, and the burning 
temperature appears, therefore, to be about 1275°. 

Hubschenreythe, Bavarian Porcelain. — At best but a slight 
solution of quartz in the feldspar glass was noted in this speci- 
men. The grains possessed sharp edges, and evidences of slight 
solution were not general, being noted mainly in the smaller 
quartz grains. While there was little if any undissociated de- 
hydrated clay present, the main dissociation product was amor- 
phous sillimanite in minute rounded grains. A small amount 
of crystallized sillimanite was also present. The almost com- 
plete dissociation of the dehydrated clay together with the pre- 
ponderance of amorphous over crystallized sillimanite points to 
a burning temperature of about 1300°. 

Austrian Porcelain, Elsa.— The examination of this speci- 
men revealed the complete dissociation of the dehydrated clay 
and the resultant formation of both amorphous and crystalline 
sillimanite, the former occurring in larger amounts. A large 
quantity of quartz was present and very slight evidence of solu- 
tion was noted. The above data indicates a burning tempera- 
ture of about 1300°-1325°. 

Chemical Porcelain. — Bureau of Standards Body No. 10— 
‘Complete dissociation of the dehydrated clay was observed in 
this specimen. The resultant sillimanite occurred in both the 
crystalline and amorphous form with the former as plentiful as 
the latter. The acicular crystallites of sillimanite were minute, 
extremely intergrown and in nearly all cases they were apparently 
isotropic. The quartz grains gave evidence of a small amount 
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of solution in the feldspar glass. That a greater degree of solu- 
bility was attained here than in the specimens burned at 1300°- 
1325° was shown by a more universal etching and a more pro- 
nounced rounding of the quartz grains. When this examination 
was made the author was unaware of the burning temperature 
of the body but from the above data he predicted a burning tem- 
perature of 1325°-1350°. Subsequently, he was informed by 
Mr. G. H. Brown of the Bureau who prepared and burned the 
body that the temperature of burning was 1350°. 

Royal Meissen, Onion Pattern. — The microscopical exam- 
ination of this body, (See Fig. 14), revealed a microstructure 
which was practically identical with that of the previous body. 
~The dissociation of the clay had taken place with the formation 
of mainly very minute needles of sillimanite and rounded 
minute grains of amorphous sillimanite. The quartz content was 
fairly low, but the appearance of the individual quartz grains in- 
dicated only a small but appreciable solution. The burning tem- 
perature seems to be close to that of the chemical porcelain body 
No. 10, about 1325°-1350°. 

Ahrenfeldt ; Limoges France Porcelain. — As in the cases of 
the preceding specimen, the dehydrated clay had completely 
dissociated, but in this instance the dissociation had resulted 
for the most part in the formation of fine sillimanite needles and 
only a small amount of amorphous sillimanite. The quartz ap- 
peared to have undergone quite considerable solution in the glass, 
the etching and rounding of the grains being more pronounced 
than in the previous specimen. The evidence points to a burn- 
ing temperature of about 1375°. 

Theodore Haviland, Limoges, France Porcelain. — The He 
hydrated clay in this speciment had not only dissociated but the 
amorphous sillimanite resulting from the dissociation had prac- 
tically all crystallized into needle crystals of sillimanite. These 
varied in size being more generally very small. Occasionally, 
however, they grew to a length of .1 mm. and when they attained 
this size, they exhibited anisotropy, parallel extinction, positive 
principal zone, biaxial positive interference figures; all of which 
are observed on sillimanite. The needles occurred more often 
in irregular aggregates, but at times parallel grouping and the 
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Fie. 14. Showing specimen of Meissen China; Onion Pattern. Note the pres- 
ence of both crystallized and amorphous sillimanite. Only the smaller quartz grains 
shows evidence of solution as manifested by the rounding of the grains while the 
larger ones still retain their sharp corners. Magnification = 300 diam. 














Fie. 15. Showing Haviland Limoges China; Ransom Plain Pattern. Note the 
development of sillimanite crystallites and the elliptical quartz grains, remnants of 
profound solution in the feldspar glass. Magnification = 440 diam. 
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lattice structure previously described, were observed. Quartz 
occurred in comparatively small amounts as rounded, some- 
times almost spherical, grains. Aggregates of rounded grains 
were noted which were originally a single grain but solution 
had taken place along fracture cracks and had disintegrated the 
large grain into smaller ones. That a considerable solution of 
quartz in the feldspar glass occurred is very evident. The crys- 
talline sillimanite development and the solution of the quartz 
indicates a burning temperature of about 1375° to 1400°. 

Haviland; Limoges France Porcelain, Ransom Plain.—-This 
specimen, (See Fig. 15), showed an interesting constitution and 
microstructure typical of high spar, hard fired porcelains. The 
constituents in order of importance were glass, sillimanite crys- 
tallites and quartz. The sillimanite occurred in acicular crys- 
tallites. Parallel grouping and lattice structure were sometimes 
observed although most of the crystallite aggregates possessed 
no regular orientation. Some of the needles were developed 
sufficiently so that first order yellow interference colors were 
observed with crossed nicols. The remaining optical properties 
agreed with those given for sillimanite. There were compara- 
tively few minute rounded isotropic grains of amorphous silli- 
manite noted. The amount of undissolved quartz was not large, 
and the rounded to spherical appearance of the grains indicated 
the great progress which solution in the feldspar glass had made. 
The better development of sillimanite and evidence of greater 
solution of the quartz than in the Ahrenfeldt and Theodore 
Haviland bodies, was taken to indicate a slightly greater burning 
temperature probably about 1400°. 

Royal Berlin Chemical Porcelain. — The microscopical ex- 
amination of this body, (See Fig. 16). as well as the succeeding 
chemical porcelain bodies revealed even a higher burning tem- 
perature than that of the Limoges practice. The most important 
constituent observed was the glass resulting from the melting 
of the feldspar and the subsequent solution in the melt of silica 
resulting from the dissociated clay and of quartz. The silli- 
manite crystallites were much intergrown and varied in size from 
almost sub-microscopic needles to some which measured .1 mm. 
or more. The residual quartz grains were present in very small 
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Fie, 16. Showing fracture piece of Royal Berlin chemical porcelain consisting 
of both body and glaze and demonstrating the reaction between them during the 
glost burn. Note the spherical blebs and the sillimanite needles extending from 


the body into the glaze. Because of the thickness of the fracture piece, the body 
appears opaque. Magnification = 300 diam. 











Eres, 17. 


of both body and glaze. Note the similarity to Fig. 16, except for the larger silli- 
manite needles. Magnification = 190 diam. 


Showing a fracture piece of Thuringien chemical porcelain consisting 


CONSTITUTION AND MICROSTRUCTURE OF PORCELAIN 417 


amounts, and their elliptical to spherical outline bore witness to 
the profound solution they had undergone. The increase in solu- 
tion of quartz over that of the Limoges bodies pointed to a prob- 
able burning temperature of 1400°-1425°. 


Thurtngien Chemical Porcelain. — This body resembles the 
Royal Berlin body in constitution and microstructure, (See Fig. 
17). The constituents in order of importance were, glass, silli- 
manite crystallites and undissolved quartz. The crystals of silli- 
manite ranged in size from extremely minute needles to those 
upwards of .1 mm. in length, and the optical properties of the 
largest needles which showed unmistakable anisotropy. agreed 
with those given for sillimanite. Only a small amount of quartz 
was present, and the grains bore evidence of great solution. The 
similarity between the observations here and those of the pre- 
vious specimen pointed to a burning temperature of 1400°-1425°. 


Royal Meissen Chemical Porcelain. — This body resembled 
both the Thuringien and Royal Berlin bodies, (See Figs. 18, 19 
and 20). The sillimanite crystallites attained a maximum length 
of .23 mm. and oftentimes exhibited parallel grouping and lat- 
tice structure. As may be expected, the quartz grains bore the 
earmarks of much solution. Oftentimes the residual quartz 
grains were surrounded by a zone of glass free from sillimanite 
crystallites, but almost as often these two constituents were in- 
timately associated with each other. This observation was made 
not only with the Meissen body but with all the hard fired proce- 
lains examined where the quartz showed considerable solution. 
The above observations indicated a burning temperature of 
1400°-1425°. 

Bureau of Standards Chemical Porcelain No. 14.— The 
constituents of this body were a low refracting glass, sillimanite 
crystallites and residual quartz grains. The needles of sillimanite 
were very plentiful and for the most part very minute and inter- 
grown. The amount of unchanged quartz was small (not over 
five percent). The burning temperature was predicted as being 
very close to that of the last three chemical porcelains examined, 
viz., 1400°-1425°. The actual burning temperature proved to be 
1425°. Of interest showing the great solution of the quartz at 
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Fic. 18. Showing a fracture fragment of Royal Meissen chemical porcelain. 
Note the similarity to Fig. 17. Magnification = 300 diam. 

















Fic. 19. Showing a fracture piece of Royal Meissen chemical porcelain body 
magnified to a higher degree than that of Fig. 18. Note the excellent sillimanite 
development. Magnification = 600 diam. 
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this temperature is its composition: clay fifty-five percent 
feldspar twenty percent and quartz twenty-five percent. 

Royal Copenhagen Chemical Porcelain.,— This body proved 
to be the highest burned body examined. The following consti- 
tuents were noted, glass, sillimanite needles and hardly more than 
a trace of quartz. The amount of sillimanite appeared to be 
greater than was observed in the other chemical porcelains. The 
crystal development, however, was not particularly remarkable. 
In fact almost all the sillimanite needles were very minute and 








Fic. 20. Showing a fracture piece of Royal Meissen -chemical porcelain consist- 
ing of body and glaze. This photograph is interesting in that it shows not only the 
sillimanite needle development between body and glaze and the blebs but also a grain 
of quartz exhibiting typical evidence of solution around the edges and along fracture 
cracks. Magnification —190 diam. 


exceedingly intergrown. The criterion for the burning tempera- 
ture was quartz, or to be more exact the almost complete absence 
of quartz. The few quartz grains which were observed were for 
the most part so minute as to appear isotropic with crossed nicols 
and could be recognized only by the indices of refraction. There 
were some quartz grains present, however, which were unmis- 
takably uniaxial, positive, but these also were much rounded 
and etched, due to solution. The evidence pointed to a burning 
temperature higher than 1425° 
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K. The Relation of Microstructure and Constitution to 
Time of Burning. From the data on the investigation of 
bodies prepared in this laboratory and of commercial bodies it 
has been noted that there are marked differences in microstruc- 
ture and constitution with differences in burning temperatures. 
The question now arises are there not great differences in con- 
stitution entailed in the ordinary differences in time of burning 
since this factor may vary in the practices of individual concerns? 
Undoubtedly there are some differences but these are relatively 
small when compared with changes involved with the variation 
of the burning temperature. For instance, the Bureau of Stand- 
ards chemical porcelain body No. 14 was burned at 1425°, and 
the Royal Berlin chemical porcelain was burned at cones 15-16, 
about the same temperature. The data on the microstructure 
and constitution of these two bodies are practically identical, 
notwithstanding the fact that the burning of our body lasted 
about twenty-four hours from beginning to completion, the kiln 
being kept for three hours at the maximum temperature, whereas 
in European practice the time of maintaining the highest tem- 
perature range may be as long as twelve hours. 

Another comparison may be made between chemical porce- - 
lain body No. 14 and the specimens of the feldspar-quartz-clay, 
Series I, which had received ten successive burnings from 1065° 
to 1400°. The constitution of the latter bodies notwithstanding 
their excessive burning, indicated a slightly lower burning tem- 
perature than the former. The quartz, for instance, did not 
show quite the effect of solution in the feldspar glass in any of 
the specimens of Series I as in body No. 14. This fact is indeed 
fortunate from the view point of predicting the burning tempera- 
ture from the microscopical examination of the burned product. 
If there were great differences in constitution caused by small 
differences in duration of burning, a low temperature body 
burned for a longer period would resemble a high temperature 
body burned for a shorter period. Fortunately this is not the 
case. 

L. The Absence of Cristobalite and Tridymite from Hard 
Porcelain Bodies.—As has been mentioned previously, quartz 
inverts to tridymite at 875° and to cristobalite at 1475° in the 
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presence of sodium tungstate as a flux. Furthermore, we have 
observed’’, in the burning of silica brick, the change of quartz 
direct to cristobalite at higher temperatures in the presence of 
only a slight amount of flux. Recently we have also noted the 
change of cristobalite to tridymite when the silica brick 
have been subjected, many times, to high temperatures under 
1475°. Why then should we not observe these modifications 
instead of the residual quartz grains? The determination of cris- 
tobalite and tridymite in a porcelain is a matter of difficulty 
since these two compounds have such a low double refraction 
as to appear isotropic or nearly so in small grains and further- 
more, the glass noted in porcelain varies in index depending upon 
its composition, although its index is always in the vicinity of the 
indices of these two compounds. A thorough and painstaking 
search has thus far revealed no definite appearance of cristoba- 
lite and tridymite, while the presence of residual quartz has been 
demonstrated in all cases. It is probable, therefore, that solu- 
tion of the quartz in the glassy constituent takes place more 
rapidly than its inversion to cristobalite and to tridymite. Other- 
wise we ought to find unmistakable evidence of the presence of 
these compounds. 


SUMMARY AND CONCLUSIONS 


The investigation consisted in the microscopic petrographic 
examination of clay, feldspar-quartz, feldspar-clay and felds- 
par-quartz-clay bodies burned at various known temperatures. 
Furthermore, commercial bodies of various grades ranging from 
whiteware to hard fired chemical porcelain were investigated. 
The end in view was to obtain data as to the constitution and 
microstructure of porcelains and the changes in these involved 
by burning at various temperatures. Subsequently it was found 
possible to correlate to a degree, the constitution and micro- 
structure with the burning temperature of bodies whose compo- 
sition lay within the limits of whiteware and hard fired porce- 
lains. 

The result of this investigation leads to the following con- 
clusions: clay appears homogeneous microscopically when 


22 Met. Chem, Eng. 18, 861-6 (1915). 
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heated up to 1200% At about this temperature a trace of dis- 
sociation occurs. As the temperature is raised above 1200° the 
dissociation increases very slowly at first, then at an increasing 
rate until at 1400° it seems to be complete. The products of 
dissociation are silica and aluminium silicate. The latter com- 
pound has been identified as an amorphous phase of sillimanite 
from the following facts: it shows no crystalline form, has an 
index of refraction approximately above 1.60, and by heating at 
a higher temperature (about 1450°) it inverts to minute needle 
crystallites corresponding to sillimanite in all determinable optical 
properties. 

Up to 1340° in mixtures of quartz and feldspar, the quartz 
dissolves to only a small extent in the feldspar glass. At 1460° 
the quartz is practically completely dissolved in specimens hav- 
ing as high a quartz content as fifty percent quartz to fifty per- 
cent feldspar. 


At 1340° in specimens containing clay and feldspar, the 
clay dissociates entirely. The amount of crystallized and 
amorphous sillimanite increases with an increased content of 
clay at least to a concentration of fifty percent clay to fifty 
percent feldspar. 


At 1460°, apparently ten percent clay is entirely soluble 
in the feldspar glass. With higher concentrations of clay the 
amount of crystallized sillimanite increases. The needle crystals 
are well developed and comparatively large. ) 


At 1310° in quartz-clay-feldspar bodies, the feldspar is 
present as a glass; the clay shows almost complete dissocia- 
tion with the formation of amorphous sillimanite mainly and but 
little crystallized sillimanite, while the quartz is undissolved and 
the grains may attain considerable size, up to .2 mm. 


By burning these bodies at 1380°-1400°, the feldspar glass 
dissolves considerable quartz, there being only a comparatively 
small amount of residual quartz remaining. The quartz grains 
are much rounded and etched, and they seldom attain a length 
of .o6 mm. The clay is dissociated with the formation of 
crystallized sillimanite although an extremely small amount of 
amorphous sillimanite may be present. 
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The changes involved by burning commercial bodies are 
identical with those of laboratory prepared bodies. Commer- 
cial ware ranges from a low burned porous whiteware in which 
except for the dehydration of the clay, only the feldspar is 
changed, to high fired chemical porcelain which consists of glass, 
sillimanite crystallites and more or less of residual quartz. The 
quartz grains observed in the whiteware and in the low fired 
vitreous ware are large and angular, attaining a length of .2 mm. 
or more, whereas in the hard porcelains, due to solution, the 
quartz grains are rounded, etched, and seldom exceed .05 mm. 
in length. 

The constitution and microstructure of porcelain depend 
upon the temperature of burning and change as this tempera- 
ture changes. Their variation with temperature is given in Table 
IV. This table has served as a basis for the prediction of the 
probable burning temperatures of the commercial bodies, a fact 
which was accomplished with success. It appears that the time 
of burning factor is by no means as important, as that of the 
burning temperature in determining the constitution and micro- 
structure of the ware. 

Mention must be made here that no cristobalite or tridymite 
has been definitely observed in any of the laboratory or commer- 
cial bodies examined. It appears that the quartz dissolves in 
the feldspar glass more readily than it inverts to the other mod- 
ifications. ) 

In conclusion we may state that the petrographic micro- 
scopic study of porcelain led to interesting and, it is to be hoped, 
important technical results. It has placed the chemical and 
physical processes involved in the formation of porcelain on a 
more quantitative thermal basis. Furthermore it has offered a 
means of predicting the burning temperature of ware from the 
examination of a fragment much too small in size to be satis- 
factory for even a chemical analysis. 

Acknowledgments are due to Prof. A. V. Bleininger for 
his kindly suggestions throughout the work, to H. A. Brady for 
the preparation of the thin sections, and to W. L. Howat, C. S. 
Kinnison, and P, Teetor for the preparation of the bodies ex- 
amined. 


A STUDY OF BRISTOL GLAZES COMPOUNDED ON 
THE NORM BASIS 


BY ARTHUR S. WATTS 


The work of .Prof. Staley in Vol. XIII, page 126, these 
Transactions, in which he exploits the use of “norms” as a basis 
of classification of the constituents of ceramic compounds, and 
the fact that the classification of glaze ingredients into “norms” 
furnishes a means of reducing the study to a three component 
system appealed to me so strongly that I determined to conduct 
such an investigation. 

Regarding the actual ieReiGNaeN of “norms” in Bristol 
glazes, I am not prepared to speak, but it seems probable that 
when the glaze is fired to maturity, the laws governing selective 
crystallization or segregation should be operative at least to a 
limited degree. I am not attempting to prove the development 
of “norms” in Bristol glazes, but merely employing this as a 
means of subdividing the ingredients into three members from 
which the study may be developed. 


The ordinary Bristol glaze contains the following chemical 
constituents introduced in the form noted: 


K,O and Na,O introduced in feldspars. 

CaO generally introduced as whiting or pulverized marble. 
ZnO introduced as zinc oxide. 

Al,O., introduced in feldspar or kaolin. 

SiO, introduced in feldspar, kaolin or as free silica. 


The minerals which would normally form from Bristol 
glazes, cooled under the most favorable conditions, are microc- 
line, albite, anorthite, wollastonite, willemite, and sillimanite. 

As commercial feldspar is generally a mixture of micro- 
cline and albite, the most fusible mixture of these is employed. 
Sillimanite would not be expected to form, according to Iddings 
(Igneous Rocks, Vol. 1, pages 435-441), until after all the other 
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minerals named, and hence need not be considered in a prelimin- 
ary study. 

The normal minerals which therefore remain to be consid- 
ered in a Bristol glaze composition are microcline, albite, anor- 
thite, wollastonite, and willemite. Feldspar is the only member 
which is used in mineral form in Bristol glazes, the other “norms” 
are synthetic mixtures which have the same chemical compo- 
sitions as the minerals. 


The synthetic compositions of anorthite and wollastonite 
are worthy of special consideration since anorthite (CaO-Al,O.- 
2 SiO,) consists of one molecule each of calcium carbonate and 
clay substance, while wollastonite (CaO-SiO,) consists of one 
molecule each of calcium carbonate and flint. The difference in 
their behavior in the glaze would therefore be an indicator of the 
difference produced in a glaze by the substitution of clay sub- 
stance for free silica. 


Willemite as a mineral is written 2 ZnO-SiO,, but to main- 
tain RO unity in this study which is ceramic practice, it will be 
considered as consisting of one molecule of zinc oxide and one- 
half molecule silica; 7. e., ZnO-.5 SiO,. 
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The study is divided into two series of 45 members each 













namely : 
Series I. Feldspar-willemite-wollastonite and 42 interme- 
diate members. 
Series II. Feldspar-willemite-anorthite and 42 intermediate 
members. 
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Each end member was prepared by wet grinding together, 
for five hours, the necessary ingredients. ‘The solid content of 
each mixture was determined, and the intermediate members pro- 


duced by wet blending on a molecular basis. Each member thus 
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prepared was further mixed by hand for several minutes. The 
glazes were applied to dry unburned stoneware trials, and an 
- attempt was made to secure a coating of equal thickness on all 
trials. 

The intermediate members of each series were produced 
by blending on a molecular basis, therefore the chemical for- 
mula of any member of a series may be quickly determined by 
interpolating between the end members. For example Series I, 
member I1, consists of 50 percent feldspar, 1244 percent woll- 
astonite norm, and 37% percent willemite norm. It has the 
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STUDY OF SERIES I 


Fusibility. The temperature of deformation of the end 
members of this series were as follows: 3 

Feldspar eutectic-Cone 6, approximately 1250 degrees C. 

Willemite norm-Cone 13, approximately 1390 degrees C. 

Wollastonite norm-Cone 8, approximately 1290 degrees C. 

The binary eutectics were as follows: 

Feldspar-willemite eutectic-Series I. Member 3. 


Formula : 
.525 Na.O 
w25 1.0 She) 24,025 4516), 
IE NO. 


Deformation temperature Cone 2, approximately 1170 de- 
erees-C. 

No feldspar-wollastonite eutectic could be located. 

Willemite-wollastonite eutectic-Series I, Member 39. 


Formula: 


5 CaO. | 
e 700 t 75 SiO, 


Deformation temperature Cone 5 and 6, approximately 1240 
degrees C. : 
The ternary eutectic of this series is Series I, Member 24. 
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Formula: 
175° Na,O ) 
075 K,0* | 
Se 1G f Foe oe MOR 2.06 S103 
-375 ZnO J 


Deformation temperature Cone I, approximately 1150 de- 
Srees ©, 

Opacity. The opacity of this series is difficult to in- 
dicate since the feldspar-wollastonite members of the series are 
immature while the feldspar-willemite members are in various 
stages of solution. The willemite-wollastonite members show im- 
maturity toward the end members, increased fluidity from the 
wollastonite end of the series, and when the proportions are I 
to 1 a clear glass 1s produced. Beyond this and toward the wille- 
mite end of the series, crystals appear in increasing amounts 
until the glaze is supersaturated and becomes a dense mat, end- 
ing in immaturity. ° 

In general the glazes of this series do not show the opaci- 
fying effect of the willemite norm unless the feldspar content 
is less than .5 equivalents, the wollastonite norm is less than .375 
equivalents and the willemite norm exceeds .25 equivalents. 

Opacity is first evidenced by the appearance of crystals 
which increase in size with increased feldspar content, and in 
amount with increased willemite norm contents. 

Crazing. The tendency to craze is apparent whenever 
the feldspar content exceeds .25 equivalents or the willemite 
norm content is less than .375 equivalent. 

Surface Texture. At cone 4, those members approaching 
the composition of the ternary eutectic have a glassy brilliant sur- 
face, and with increased heat treatment the range of composi- 
tion producing glassy surfaces increases. Toward the willemite 
corner of the series the development of a satin-like texture is 
apparent. ‘Toward the wollastonite corner of the series there is 
an abrupt change from a glassy surface to an earthy surface in- 
dicative of immaturity. Toward the feldspar corner of the series 
the gradual increase of viscosity due to increased Al,O, content 
is evidenced by entrapped bubbles of air and by pin-holing. 
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STUDY OF SERIES II 
Fusibility. The anorthite norm is the only one not used 
in Series I, and this has a deformation temperature of about 
cone 18. 
The feldspar-willemite eutectic is the same as in Series I. 
The feldspar-anorthite eutectic, if one exists, is 


.525 Na,O 
e225 ak LMA) e5s iC), 
pone oaG) 


The willemite-anorthite eutectic is 


25 @a0) 


a 720} .25 Al,O,-.875 SiO, 


and it has a deformation temperature of Cone 5, approximately 
1220 degrees C. | 

The lowest deformation member of this series is Series II, 
Member 3, and this is also the binary feldspar-willemite eutectic. 

This portion or the series was made into cones and tested, 
but no addition of anorthite norm covered by this study pro- 
duced a lower fusing mixture. 

Opacity. The opacity of this series aside from that which 
is imparted by the semi-fused feldspar is confined to those mem- 
bers containing .25 equivalents or less CaO and .25 equivalents 
or more ZnO, and increases with decrease of CaO and increase 
of ZnO content. 

Crazing. Crazing oc¢éurs in this series only when the 
feldspar content exceeds .5 equivalents and the CaO content is 
less than .25 equivalents. 

Surface Texture. This entire series consists of mat 
glazes or only semi-bright glazes, and all the members containing 
anorthite norm resemble fused slips. Only one member, Series 
II, Member 22, has sufficiently fused to permit crystals to form, 
and these appear only when a temperature of cone 8 is reached. 

General Conclusions. In this study the evidence obtained 
indicates that if the glaze is to be considered from its so-called 
norm content, the following conclusions may be drawn. 1. The 
temperature of maturity of a glaze is considerably lower if the 
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CaO is present as wollastonite norm (CaO-SiO,) than if present 
as anorthité»norm’ (Ca@-AlL,O,-2° S102) 2: = [hee presences or 
anorthite norm tends to produce slips, while the presence of 
wollastonite norm tends to produce glasses. 3. The presence 
of willemite norm (ZnO-.5 SiO,) very materially lowers the 
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temperature of maturity of the glaze from that obtained by 
either feldspar-wollastonite or feldspar-anorthite mixtures. 4. 
A low feldspar content (less than .5 equivalents in anorthite 
bearing glazes and less than .375 equivalents in wollastonite bear- 
ing glazes) is necessary to insure against crazing and with this 
must be coupled more than .25 equivalents willemite norm if the 
glaze is a glassy one. 


PRACTICAL HINTS ON THE BURNING OF SALT 
GLAZED VITRIFIED HOLLOW WARE 
& 


S.C. KARZEN 


Defects in sewer pipe are quite numerous, and appear at the 
most unexpected times, but all the troubles can be traced back to 
some definite cause, and if each of these causes be eliminated, 
most assuredly the troubles will disappear. 


The most common trouble encountered in burning is the so- 
called blowing or scaling. This is done during the water smoking 
period and as we are all aware by lengthening the period, this 
defect may be eliminated. Altho this knowledge is quite com- 
mon among clay workers, it is really surprising how few of them 
know how to proceed when the trouble shows up. 


It is for the unknowing ones that the following chart has 
been drawn up. It is self-explanatory, and can be used with any 
type of clay, and I am quite sure that if a little judgment is used 
along with the chart, good results may be obtained. 


As may be noted in Table I, the burning period is divided 
into days, the length of the period depending on the size of the 
_ largest ware set. Ware manufactured of shale ordinarily takes 
longer periods of burning, due to excessive amount of carbon 
present. Fireclay ware requires shorter periods as noted. A 
series of cut and try methods must be used to determine the con- 
ditions of different plants. For example, we set a kiln of 18 in. 
D. S. pipe and mark the burn nine days as per Table I. The 
burning method as outlined on the chart for a nine-day kiln is 
then followed. We find that the ware is all right when drawn. 
The next kiln of ware (18 in. D. S.) we set, we mark up 8 days 
and follow the schedule for an 8-day kiln. When the kiln is 
drawn the ware is noted, and this method is followed until we 
see that if we cut the time any further trouble will result, and at 
this point it is wise to stop. 
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Using this method of burning, it is readily seen that a close 
tab can be kept on ignorant burners. Also placing burners on a 
time schedule for the preliminary heating up, brings kilns off on 
time. Relative to the amounts noted per firing, this was based 
on Pittsburgh and Ohio coals. The amounts should be slightly 
increased for western coals whichgare of a lower calorific value. 
Following the chart, with a little experimenting, it is a simple 
matter to eliminate blowing and scaling, with the least possible 
increase in burning time. One thing must be noted,however, in 
this regard, and that is, that ware set green is a fertile cause for 
blowing, and that in all cases where this is found necessary an 
extra day or perhaps more should be allowed in burning. 

Fire Cracking. This is a defect quite prevalent in the 
sewer-pipe industries, and a large percentage of loss can be at- 
tributed to it. There are several reasons for this defect, any one 
of which may cause a considerable amount of loss. If the pipe 
are set green, the chances are that a number of them will be fire- 
cracked when drawn, especially, if the clay happens to be short 
naturally. Hence in a case of this kind, it is necessary that ware 
be bone dry when set. 

Another common cause is in the setting. Large pipe are set 4 
high or 8 feet in all. In setting it is necessary that the upper pipe 
be perfectly centered in the pipe beneath. Failure to do so means 
unequal distribution of the weight of the pipe on the socket of the 
pipe beneath, which results in a cracked pipe. Too much em- 
phasis cannot be placed on the care to be used in setting ware. 

The third cause, and the one least understood, is that due 
to too rapid heat raising, caused by too heavy firing at any one 
period, and too long periods between fires. This causes the ware 
to heat up rapidly during the combustion of the fuel, and expand 
at the same time. The period between fires causes cooling in the 
ware, consequent contraction, and eventual cracking. The most 
sensitive point is as a rule the socket, and this is where the most 
cracking occurs. In order to eliminate losses of this kind, it is 
first necessary to avoid too heavy firing. The cleaning of the fires 
is the greatest danger period. Instead of cleaning every fire hole 
around the kiln, every other hole should be cleaned, thus per- 
mitting half the holes to admit cooling oxygen during the clean. 
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Also short firing periods should be observed during the heat 
raising, and light fires used. This will be saving on the fuel, as 
well as reducing the fire cracking, but it will of course mean extra 
labor in firing. At one plant where it was almost impossible to 
burn large ware without excessive loss, the mere shortening of 
the firing period and the reduction of the amount used to a firing, 
almost eliminated this trouble. 

Swelling. So much has been written on this subject and 
so fully has it been discussed, that I think it unnecessary to de- 
vote much space to this subject. Suffice to say that this trouble 
is directly due to improper oxidation of the carbon contents of 
the clay. Very little swelling is ever incurred in the fire clay 
districts, not because carbon is lacking in the clay, but because 
it is in smaller percentages, and in a form much more easily 
oxidized. Many fire-clay pipes show red centers which means 
too rapid oxidation, but swelling seldom occurs. Shale wares, 
however, show rapid oxidation by swelling, caused by the effort 
of the CO, to escape from the ware after partial vitrification has 
set in. 

The one remedy is the use of large trials, which method has 
been amply described in numerous articles. 

Scumming. This is another defect which has been amply 
discussed. It may be due either to the presence of soluble salts 
in the clay or to those introduced with the tempering water in 
the preparation of the clay. This latter item is often overlooked. 
I know of a case in which soluble salts were introduced with 
the water used for tempering. The pipe showed up badly, 
scummed, and poorly glazed, even with use of excess barium 
carbonate. After the source of water was changed, the pipes 
were completely different in appearance. If change of water 
does not benefit, the only other recourse is to the use of a com- 
pound of barium. 

Roughness —Crazing. There are a number of defects 
which show up in the last stages of the burning and these will 
be discussed under one heading because the defects are all attrib- 
utable to one cause. 

Roughness is a defect common to vitrified ware in general. 
Much has been written on this subject and numerous theories 
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have been advanced, but roughness is just as common as it ever 
was. ‘There are several varieties of roughness, or rather several 
causes to which roughness may be attributed, the first and last 
known is called iron spots. This is thought to be primarily 
caused by reducing action in the kiln, and will be discussed more 
fully later. 

The second variety of roughness is due to the presence of 
carbon, generally in the form of a high carbon shale which does 
not become intimately mixed with the other clay in grinding. 
These particles remain in the surface of the ware and burn out 
eventually, leaving a cinder and very often a pitted surface. 
This is especially true in certain districts in Michigan, where 
a mixture of highly carboniferous shale and fire clay are used. © 
The shale is so high in carbon that it burns out in spots, making 
a very rough looking pipe. In this particular case, the high 
carbon shale was eliminated from the mixture, and the rough- 
ness disappeared to a large extent. 

Reduction During Salting Period and Its Effects. In the 
fire clay districts, where the clay naturally burns to a light buff 
color, it is the common custom to thoroughly smoke or reduce 
the surface of the ware in order to obtain the dark color de- 
manded by the trade. In shale ware this is not necessary, as 
the material burns to a red color naturally. Moreover, reduc- 
tion in shale gives the ware a highly metallic luster and black 
color which is very undesirable. But as I have said before, fire 
clay is being smoked to a large extent for the color. The result 
of this action is far-reaching on the quality of the ware, and 
has given rise to a number of defects which in many cases make 
the ware almost unmarketable. The first consequence of this 
custom is the fuel waste. In order to ensure reducing conditions, 
the burners lower the dampers, close the fires up tight, and fire at 
long intervals. This keeps the kiln full of smoke, which may 
be observed pouring from the stack at any time. This is naturally 
a very wasteful procedure from a fuel standpoint as the biggest 
percentage of the fuel added is being lost at the stack. 

The second result I wish to call attention to, isnot noticed 
antil after the pipe have been exposed to the weather for awhile. 
After the atmospheric conditions have worked their will on the 
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stock pile for a few months, these pipe commence to craze, 
showing faint hair-like cracks all over the surface of the ware. 
This is never found in a pipe unless the surface has been sub- 
jected to severe reducing conditions. The action involved is 
probably a weakening of the body by oie change of the iron 
from the “ferric” to the “ferrous” stage. | 

The third and by far the most oe effect is the result- 
ing roughness. Roughness is prevalent to a large extent in the 
fire clay districts, and to a less extent in the shale district. The 
roughness I am now referring to is that most commonly called 
ironing or iron spots. In spite of the fact that shale is sup- 
posedly not subject to reduction, roughness is quite common. 

The usual explanation for ironing is based on the assump- 
tion that the reducing action of the gases of combustion brings 
these to the surface. In order to get at the truth of the matter, 
and determine just when this roughness occurs, a few simple 
experiments were made. Ware was set in different parts of a 
kiln in such a fashion that no glaze could penetrate. Also ware 
was set which was continually bathed by the salt fumes. When 
the ware was drawn it was found that the unglazed material 
was perfectly smooth and the glaze ware was quite rough. It 
was decided from this that roughness did not show up until the 
salting period. In order to verify this, an entire kiln of ware 
was heated up until ready to be salted and finished, and then 
allowed to cool without any salt being added. On opening the 
kiln, it was found that the ware was free from any iron spots. 
This same kiln was then closed again and rapidly fired and salted. 
When drawn, the ware was just as rough as usual. It left no 
reasonable doubt but that the iron spots are brought to the sur- 
face during the salting of the ware and not before. Hence we 
can reduce or. oxidize as much as we please previous to this 
period but during salting oxidizing conditions must be obtained. 

Color without Reduction: Since the trade demands 
colored ware, it behooves us to obtain it in the fire clay districts. 
However, as I have just pointed out, reduction must be avoided 
as much as possible especially during salting. 

In this respect I wish to state that I have obtained splendid 
coloring without the aid of excessive smoking. During the heat 
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raising period it is often quite a problem to keep conditions 
oxidizing due to extremely heavy firing. Hence it is quite easy 
to obtain a thin coat of smoke in the ware at a single firing. This 
in turn can be easily drawn out again by opening of the fires 
for a short period. Then another skin of smoke can be allowed 
to penetrate the ware. This is again burned out by opening the 
fires. This is commonly called flashing in the fire-clay face-brick 
districts, and is their usual method for obtaining flashed shades. 
The alternate reducing and oxidizing leaves the iron on the sur- 
face in a reddish color. Now when the salt is applied, bright 
oxidizing fires may be used, and the cherry red coloration will 
be obtained. 

Salting. I have stated that much of the roughness en- 
countered in burning is due to reducing conditions set up during 
salting. The following scheme of salting was used with the 
primary object of creating oxidizing conditions. I have since 
found that exceptional glaze can be obtained in many cases where 
glazing was difficult before. 

To begin with, the ware must be burned fairly hard be- 
fore salting is considered. After the trials show up reasonably 
hard, the kiln fires must be prepared for salting as follows :— 
The fire holes must be thoroughly cleaned, the wisest plan being . 
to clean alternate fire holes and thus eliminate excessive amounts 
of green fuel and the resulting heavy smoke. After the fires are 
clean, a light salt fire is placed close to the mouth of the fire hole, 
and a small air space is allowed over the top of the fire. This 
is in the case of dead bottom furnaces, but where horizontal 
bars are used it is best to leave the door open just a trifle. This 
may not be the most economical way of firing, but it ensures a 
sufficient supply of oxygen which is what is desired. The fire 
is allowed to burn until the green coal is aflame and the volatile. 
matter is expelled. This ordinarily requires about 15 to 20 
minutes with long flamed coals, and a little less with short 
flamed coals. At this stage the fires are at their greatest in- 
tensity. The salt is now applied, a small scoop should be used, 
and a small amount of salt spread evenly over the fire. Great 
care must be used that only a limited amount of salt be used 
to an application, for reasons which I will discuss, In the case 
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of dead bottom fire holes the furnace hole should be immediately 
closed up with a small scoopful of coal. With straight grates, 
all that is necessary is to close the door. A period of about ten 
minutes or so is now allowed until the salt decrepitates com- 
pletely, and then another round is applied as stated, followed by 
a small amount of coal or the closing of the fire door. When 
the third round has been applied, and the salt burned, another 
light fire is put on. Allowing time for the volatile matter to be 
driven off, three more rounds are applied. Trials can be drawn 
every three rounds to determine the progress of the glazing 
period. The fires should be shaken or given a light clean after 
every three applications. Six rounds administered in this fashion, 
should be sufficient to develop a good glaze in most cases. 
Clays difficult to glaze may require three additional rounds ap- 
plied after the method already outlined. 

Considering the operation outlined step by step, we find that 
first the trial must be reasonably hard. This is. well understood 
by most burners; but in the use of haphazard methods of salt- 
ing, kilns are very often overburned, due to the burner waiting 
too long before starting the salt application. Using the method 
as outlined it is possible to start earlier in the game, before vitri- 
fication has even started. As the salting progresses, the ware 
continues to harden, since the salt fumes have a fluxing action. 
By drawing trials after every three rounds, it is possible to keep 
complete control of the salting; and when the trials finally show 
hard enough and glazed enough, salting may be discontinued. 
By thus starting the salting early, and hardening the ware grad- 
ually during the salting, it is possible to lessen the chances for 
over-burned kilns. 

Cleaning of Fires: Most practical burners clean fires as 
a preliminary measure to the salting process, but they never go 
beyond that, and consequently lose the benefit of the preliminary 
work. By cleaning the fires before salting, we bring them to 
a high heat, and by keeping the fires bright and unclogged, we 
permit free oxygen to enter, thus furnishing good combustion 
conditions and making the kiln atmosphere oxidizing. The fires 
must be stirred up and kept bright continuously in order to 
ensure these conditions. 
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Salt Application: As stated 15 minutes must pass before 
salt is applied. This gives the fires an opportunity to attain their 
maximum temperature. Also the volatile matter of the coal has, 
to a large extent, been expelled and conditions in the kiln have 
‘become more oxidizing. Furthermore, on the application of each 
fire, there is always a slight scum of smoke on the surface of 
the ware which gathered while the volatile matter bathes the 
ware. This burns off immediately after the volatile matter is 
expelled, and the oxygen has a chance to get in its work. If 
the salt is applied before this scum is burned off, a rough product 
is ordinarily obtained, and in shale districts, a metallic black 
color results. 


The salt 1s applied in small amounts and is well spread, be- 
cause larger amounts will deaden the fires and remain unburned. 


Coal is added in small amounts after each application of 
salt in order to keep the heat in the kiln to a maximum. The 
action of salt glazing is an endothermic one (heat absorbing), 
and it is necessary to add a little fresh fuel with each charge 
of salt in order to keep the kiln temperature uniform. A little 
fuel closes the mouth of the fire hole, where dead bottom grates 
are used, and cuts off the flow of cold air over the fire. Cold 
air should never be admitted over the fire except in cases where 
a kiln has extremely poor draft and conditions are very reducing. 
_ The admission of cold air over the fire bed has the effect of 
reducing its temperature, and thus cutting down its efficiency 
so far as decrepitating the salt is concerned. For best results, 
all air must be admitted through the fuel bed, and not over it. 


The application of three rounds is not arbitrary. I have 
found by experiment, that three small rounds applied as stated 
is about as much as an ordinary salt fire can take care of effi- 
ciency. By the time a fourth round is to be applied, the fires 
have lost their brilliancy. On the other hand, if only two rounds 
are used, we do not get the most out of our fuel, and there is 
always an opportunity of over-burned ware due to the use of 
fuel to excess. After the third round has been applied, a small 
salt fire is used, which brings the fuel bed back to its original 

heat intensity. 7 
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Cleaning and stirring of the fires continually is necessary 
during the operation. It will be noted in this regard, that the 
salt to a certain extent melts and combines with the mineral 
matter of the coal ash to form a soft glassy slag which runs 
down through the fuel bed or grates as the case may be, hardens 
as soon as the cool air strikes it, and prevents the air from 
entering. Hence it is of vital importance that the bed be shaken, 
enough to break up this formation. 

If the above method be followed and care taken, roughness 
can to a large extent be eliminated, and moreover an exceptionally 
bright salt glaze can be developed. Complete control of the 
glazing is possible at all times, and by the three round periods 
it is possible to salt until a good glaze is obtained. 

As already stated, good color in the fire clay districts can 
be obtained without the excessive smoking, but the preliminary 
flash must be administered first. 

Before leaving this subject I wish to state that at all times 
it is necessary to have a good draft during this operation. If 
a damper is used, it should be raised pretty well, thus taking 
the fumes rapidly through the kiln, and ensuring maximum 
oxidizing conditions. 

Salt Scumming: It happens quite often that after a kiln is 
finished, and the ware drawn, that a white scum shows on the 
ware after it has been in the open a short time. This is due to 
excess salt fumes, in the kiln atmosphere, which had not been 
drawn off at the stack, but were redeposited on the ware. Asa 
matter of course, the first heavy rain will remove this from the 
surface of the ware; but to the uninitiated, this often appears a 
serious defect, and may result in a loss of business. In order to 
eliminate this scum, a light fire should be applied after the salting 
has been completed, and most of the salt has decrepitated. At 
the same time the stack damper should be raised high. The 
added fire will have a tendency to burn up what salt may re- 
main in the fire holes, while the increased draft will draw the 
fumes from the kiln. The small fire will not affect the ware, if 
it is not applied until the kiln has evidently started cooling. 
Scumming of this nature can be eliminated completely, in this 
way. 
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‘COMPARATIVE MEANS OF MAKING POROSITY 
AND ABSORPTION MEASUREMENTS 


BY F. W. WALKER, JR. 


During the past several years, I have been engaged in exten- 
sive researches requiring numerous porosity determinations of a 
fairly high degree of accuracy. The difficulties to be encountered 
in making these determinations were not fully realized at first, 
and as a result the value of much data now on file among my 
records is more or less limited. 


When investigations are inextensive requiring but a few de- 
terminations, there is not apt to be any wide deviation in the 
results obtained. The specimens are made and treated under the 
same or very nearly the same conditions, and although the ab- 
sorption of the specimen may or may not be complete, the values 
are fairly relative, regardless of the treatment used. But where 
investigations are more extensive, requiring the comparison of 
groups of trials made up and treated at different times and under 
varying conditions, these relative porosity determinations lose 
their comparative value, unless great care has been used to fully 
replace all free gases contained within the pores of the specimens. 


The complete removal of the free gases contained within 
the pores of a specimen is not easily accomplished, and it is the 
purpose of this paper to throw some light upon the different 
means that have been used to procure absorption and peo 
determinations. 


There is little doubt in my mind but that such matters as 
structural density, size of pore, surface, and shape of the piece 
all have their effect upon the rate and amount of absorption, and 
especially where absorption is only partially complete. It is not 
the intention, herein, to treat this part of the question, for infor- 
mation of their character is difficultly obtainable, but from gen- 
eral observation and experience these factors are believed to be 

(444) 
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worthy of consideration, and should not be overlooked in ac- 
counting for differences. | 

Absorption methods as reported, heretofore, in the Trans- 
actions can be divided into three general classifications : 


1. Soaking in cold water. 
2. Soaking in boiling water. 
3. Soaking in water under vacuum. 


Under these three main classifications, numerous methods can 
be had by considering the factor of time, which in the case of 
soaking in cold water varies from one to eight days and less time 
where boiling water or the vacuum is used. 

Following an analysis of the various methods used, an in- 
vestigation was outlined to determine the comparative merits of 
each, and the work so outlined as to roughly show the rate at 
which the air is removed by the different treatments. The 
methods used for obtaining absorption were as follows: 

A—tI. 5 hours soaking in cold water 

2. 24 hours soaking in cold water 
3. 48 hours soaking in cold water 
B—1. 1 hour soaking in boiling water 
2. 3 hours soaking in boiling water 
3. 5 hours soaking in boiling water 
C—1. 5 hours soaking in cold water under vacuum of 
approximately 28 inches 
2. 24 hours soaking in cold water under vacuum of 
approximately 28 inches 


All trials heated to boiling were cooled to room temperature 
by the addition of cold water before making their volume determ- 
inations. 

The ten trials used for the work were biscuit wall tile, 6 in. 
by 3 in. by 3% in. which gave an average displacement volume of 
116 cc., and in all tests were completely immersed standing on 
the long edge. | 

In order to secure a higher degree of accuracy and also to 
secure an idea of the amount of variation in check determinations, 
the work was carried out in duplicate using the same specimens. 

The results of this investigation are shown in Table I. 
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The formula used for computing these values is as follows: 

Ww—Wd 

P= —————_ X 100 
Vs 
where =the percent porosity 

Ww =the wet weight 

Wd=the dry weight 
Vs =the displacement volume of the saturated 

piece. 


An analysis of these figures can be had best by referring to 
the curves in Figure 1, which shows that the soaking in boiling 
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water for five hours gives the highest results and that very little 
absorption takes place after the first hours boiling. The cold 
water soaking proved the least efficient but showed little variation, 
while the vacuum system gave high results but showed consider- 
able variation. 

The failure of the vacuum method to give a maximum figure 
as well as a reliable figure, was other than expected, but an 
analysis of the rate of expansion of the air with variation of 
pressure, as shown by Table II, together with the difficulties 
encountered in maintaining a given vacuum without the aid of 
expensive equipment will largely account for the results. 
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Just what the action of the boiling water upon the trial piece 
is, 1s not clear, but the results seem to indicate that the steam 
bubbles have some ejecting or solvent action upon the gases. 

Because of a lack of equipment, the boiling test under high 
vacuum of constant pressure was not made but judging from the 
results of these tests, together with the figures shown in Table 
II, this method should give the best results, providing a suffi- 
ciently high vacuum could be obtained to cause rapid boiling at 
toom temperature. Where this test cannot be carried out, the 
five hour boiling test at atmosphere pressure, can be used with 
good results, but greater variation due to a change in the struc- 

ture and shape of piece might be expected with this latter method. 
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CLAY AND SHALE RESOURCES IN THE VICINITY 
OF CLEVELAND, OHIO 


BY FRANK R. VAN HORN 


The clay industry in Cleveland and vicinity includes the 
rnanufacture of common brick, vitrified brick, hollow ware, and a 
small amount of drain tile. The region has a daily capacity of 
approximately one million standard brick. If this amount were 
produced during ten months of the year at an average price of 
six dollars a thousand, the annual value of the industry would 
amount to about one and one-half million dollars. This estimate 
is probably conservative as there are few firms that do not work 
during the entire year. Furthermore, a large amount of paving 
block which sells at from 12 to 18 dollars a thousand, is produced. 
Since Ohio, for some years, has ranked first in the United States 
with a production of 30,000,000 dollars worth of clay products, it 
can be seen that the Cleveland area is not an unimportant factor. 

Clay. The clays of the region are chiefly transported 
clays of glacial origin. A few, however, are probably of lacus- 
trine origin. They are either yellow or blue in color and vary in 
thickness from 3 to 75 feet. However, in one place the thickness 
was showed by boring to be over 150 feet. The blue clays are 
very dense and tough, and dynamite is sometimes employed in the 
mining operation. A variable amount of boulders is generally 
found, and in some places these consist of granites, gneisses, 
schists, and of several different kinds of limestone that are a 
source of trouble since small pieces may get into a brick. On 
burning, these particles become converted into lime which absorb 
moisture, and cause the brick to chip off or even break into sev- 
eral pieces. There are some alluvial clays along the rivers and 
streams, but none are used for commercial purposes. The nearest 
approach to a residual clay is what has been called the De Kalb? 


1J. E. Lapham and Charles M. Mooney, Soil Survey of the Cleveland Area, 
Ohio. Bull. of Bureau of Soils, U. S. Department of Agriculture, Washington, 


1906, p. 19. 
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clay. This is found in a narrow strip which is one-quarter of a 
mile to a mile in width and goes parallel to Lake Erie from 
Dover Bay through Lakewood and Nottingham toward Wickliffe. 
The De Kalb clay has been formed from the weathering of the 
Chagrin shale, although probably assisted by wave action of 
Lake Erie when at a higher level. An ultimate chemical analysis 
of this clay, and also one of the common blue clays formerly 
called by Newberry, Erie clay, follows: 


Analyses of Clays, Cleveland, Ohio 





I ; 2 
(C2 or ao) Leo ete een aii tae 225 59.. 70 
PMG Nae Van tak.. cheres a 20.35 14.80 
Vip Os tee, ©) cc. cree oe 5520 4.60 
Macnesia ( MeO) t. Gs2d + TaO1 cee 
Hie e CUO ye... Ceres oars. 0.60 8.90 
SOUR NTE G L ee ee reea \ 
\ 2.46 3.40 
eas Oh ete ee 
Sombinedswater “CHL Ooe ae. . 7425 4.00 
iipntigatioxide’ (50).) ;.... 0.34 a 
99 .66 100.54 


1. De Kalb Clay (residual) from John Kline Brick Co., 
Wickliffe, Ohio. Chemists, F. J. Peck & Co. 

2. Erie Clay, a blue drift clay used by some of the brick 
makers of this vicinity, Ohio Geol. Survey, Vol. 1, 1873, Page 
177, Chemist, Dr. T. G. Wormley. 

If analysis I is compared with that of the Chagrin shale, No. 
3, a great similarity will be seen. The De Kalb clay shows a 
slight loss of soluble constituents, such as alkalies, lime, mag- 
nesia, and iron. This clay, Figure 3, is used only incidentally as 
it falls into the pit of Chagrin shale which is employed at this 
place for the manufacture of vitrified brick. If, however, the 
clay were present in sufficient amounts, it could be used in making 
brick. The sulphur shown in the analysis comes from undecom- 
posed pyrite concretions which are present in the shale. Analysis 
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2 shows a large percentage of lime and magnesia which probably 
originated from the various kinds of limestone pebbles that gen- 
erally occur in the drift. 

When the field work on this paper was completed in the fall 
of 1909, there were in the district thirteen firms which employed 
clay in the manufacture of common brick. The daily production 
was about 600,000 standard brick, but the probable capacity was 
nearly 800,000. Two firms make a small amount of drain tile 
as well as common brick. The names of these firms, their loca- 
tion, and details about their clays are given in Table I. 


TABLE |. CLAY BRICK MANUFACTURERS, CLEVELAND, OHIO 





NAME OF FIRM 





LOCATION OF PLANT 


KIND AND THICKNESS OF 
CLAY USED 





1. Barkwill Brick Co. 


2. Brookside 
Co: 


Brick 


3. Cullen Brothers. 


4, Duty and Com- 


“pany. 


5. Farr Brick Co. 





Boot.oi, Last: fo. oteain 
Kingsbury Run...... 


West 56th St. near 
Dennison Avenue ... 


Foot of Reeves Ave. 
S. E. near corner of 
Independence Road 
and entrance to For- 
est City Park. 





Foot of East 77th St. 
in Kingsbury Run. 


Foot of Reeves Ave. 
S. E. near corner of 
Independence Road 
and entrance to For- 
est City Park. 








10 to 25 feet of yellow 


clay with variable 
amount of glacial 
boulders. 


Mostly yellow clay with 
variable amount of 
boulders. When vis- 
ited, they were work- 
ing on 4 feet of yel- 
low clay, and 14 feet 
of tough blue clay. 


12 feet of yellow clay. 
with few pebbles, and 
8 feet of tough blue 
clay quite free from 
pebbles. 


10 to 25 feet of yellow 
clay with variable 
amount of pebbles. 


15 feet of yellow clay 
with practically no 
pebbles. 
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NAME OF FIRM 


6. G. H. Gynn. 


hoes Fiarrison. 


8. Standard Brick Co. 


9. Wilhelian Thies. 


10. Towle Brick Co. 


11. John Wilson. 








TABLE | — Concluded 








LOCATION OF PLANT 


KIND AND THICKNESS OF 
CLAY USED 





Harwood Ave., and 


East Beyerle St. S. | 


E., near entrance to 
Forest City Park. 


Near corner of Guy 
ang. - bast 49th: ot. 
Sod oo 


Bradley Road and Bal- 
timore and Ohio R. 
R., South Brooklyn. 


Ridge Road _ near 

Cleveland, Lorain & 
Wheeling R. R., and 
West Park Ceme- 
tery. 


Bradley Road and Bal- 
timore & Ohio R. R., 
South Brooklyn. 


Foot of Independence 
Road on Ohio Canal 
opposite Cleveland 
Furnace Co. 








6 to 8 feet of yellow 
clay underlain by 10 
to 15 feet of blue 
clay, with hardly any 
pebbles or boulders. 


10 to 12 feet of jointed 
dense _ blue clay 
capped and under- 
laine by was treet, OF 
stratified clay. Con- 
siderable amount of 
pebbles. 


50 to 75 feet of dense 
blue clay with vari- 
able amount of bould- 
ers. Borines show 
80 to 90 feet more 
clay. 





7 feet of yellow clay 
with few boulders. 


20 feet of yellow clay 
. underlain by 30 feet 
of tough blue clay, 
variable amount of 
pebbles. 


10 to 12 feet of blue 
clay with small 
amount of pebbles. 
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DRAIN TILE AND CLAY BRICK PRODUCERS 





1. John Perram & Son| Independence, Ohio. 3 feet of blue clay. 


2. J W Spencer & Son.| Rocky River, Ohio. 3 to 5 feet of light 
BR. eB ee DaneNosnts grayish-blue clay. It 
near White’s Villa is probably Dunkirk 
on Cleveland and clay. 

Elyria Trolley Line. 











The eleven clay brick manufacturers use the “soft-mud”’ 
or “sand-mold” process in which the following stages may be 
distinguished: (1) mining and hauling the clay; (2) crushing; 
(3) tempering; (4) sanding; (5) molding; (6) drying; (7) 
burning. 

The clay is dug in open cuts by steam shovel or by hand, 
and hauled in cars, carts, or wheelbarrows to the crushing rolls. 
The finely crushed clay is then tempered or mixed in a pug mill 
with water to give it the required degree of plasticity. The pug 
mill passes the plastic clay into the brick machine, or press, 
‘ which forces the soft brick into previously sanded molds. The 
molds are emptied on wooden or steel pallets which are placed 
upon racks where the bricks are dried from nine hours to seven 
days, depending upon the kind of drying system in use. The 
air shrinkage of a brick made from one of the yellow glacial 
clays was determined. A green brick measuring 4% by 9% by 
23% inches, or 89.39 cubic inches, and weighed 6°/,, pounds. 
A dried brick ready for the kiln measured 4 by 83% by 23% inches, 
or 81.93 cubic inches, and weighed 5%4 pounds. This shows 
an air shrinkage of 7.46 cubic inches or 8.34 percent and a 
weight loss of 1 +/,, pounds, or 16.19 percent. This loss shows 
that 15 tons of water must be evaporated if 30,000 bricks are 
made daily. After drying, the bricks are burned in rectangular 
up-draft kilns which with one or two exceptions, belong to the 
type known as the Dutch or Pennsylvania kiln. The fuel in 
most cases is natural gas, which is supplied from the West Vir- 
ginia and Cleveland fields. It is said to cost in the long run 
about the same as coal, but is much cleaner and more easily 
regulated. The bricks are burned from five to eight days, and 
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the temperature varies from 1500 degrees to 1600 degrees F. 
In order to determine the fire shrinkage, eight bricks were 
selected from different yards: 














TABLE Il 
VOLUME 
INTENSITY OF BURNING DIMENSIONS IN INCHES IN CUBIC Bi or Seas 
INCHES 
| cima 
Very hard burned =.2-ee eee | 33% by 8% by 2% | 62.64 | 4% 
4Va 


| 3% by 8% by 2% 63.98 





334 by 814 by 2% T1400 44 
Hard (burned. ee ee 358 by 8 by 2% 65.25 4° /16 
33% by 8% by 23% 73.48 AY 
3% by 8% by 2% 74.09 47/16 
Softjburned4. he eee ee 334 by 8% by 2% 75.70 AY 
3% by 8% by 2% 78.17 | 4*/16 











The volume of the three types of brick selected shows very 
clearly the intensity of burning as the fire shrinkage becomes 
greater with increasing heat. The average volume is 70.62 cubic 
inches whereas that of a dried brick was 81.93 cubic inches. 
This gives a fire shrinkage of 11.31 cubic inches or 13.8 percent. 
The air shrinkage was 8.34 percent. The average weight of the 
burned brick was 4*/,, pounds, and that of the dried brick was 
5% pounds. This gave on burning, a loss of 11/,, pounds 
or 19.3 per cent. Compared with a green brick, it was found 
that a soft-mud brick in changing to the finished product lost 
18.77 cubic inches or 20.99 percent and that the total loss in 
weight was 2°/,, pounds or 32.38 percent. 


The two drain-tile producers of the district use the stiff- 
mud process in the manufacture of drain tile and clay brick. 
Their methods of crushing and drying are the same as those 
of the soft-mud brick makers, but the molding and burning 
processes are those of the shale brick manufacturers. The sizes 
of drain tile most used are 12 inches long and 2% to 3 inches in 
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diameter. A great many are used in the district because of 
the pronounced clayey character of the soils. 

Shale. The shales of the region that are used for 
economic purposes are the Chagrin of the uppermost Devonian, 
and the Cleveland, Bedford, and Orangeville of the Mississippian. 
The Chagrin, Figures 1, 3, 4, 5, 1s prevailingly of grayish blue 
color, while the Cleveland, Figures 1, 4, 5, is generally black with 
some layers of dark blue. The Bedford is both blue and red, 
and the Orangeville, Figure 2, is black. Pyrite is present in 
most of the shales, and in some horizons of the Chagrin, clay 
ironstone concretions are very prominent. Several ultimate 
chemical analyses of the various shales were collected from some © 
of the brick companies and are given in Table III. The analy- 
ses tabulated are of clays listed as follows: 


SHALES OF TABLE III. 


1. Chagrin shale, blue, Cleveland Brick and Clay Co., F. J. Peck and 

Co., chemists. — 

Chagrin shale, blue, Cleveland Brick and Clay Co., F. J. Peck and 

Co., chemists. 

38. Chagrin shale, blue, John Kline Brick Co., F. J. Peck and Co., 
chemists. 

4, Chagrin shale, brown, Newburg Brick and Clay Co. F. J. Peck 
and Co., chemists. 

5. Chagrin shale, blue, Newburg Brick and Clay Co., F. J. Peck and 
Co., chemists. 

6. Chagrin shale, blue, Newburg Brick and Clay Co., F. J. Peck and 
Co., chemists. 

7. Chagrin shale, blue, Ohio Clay Co., Oscar Textor, chemist. 

8. Cleveland shale, black, Cleveland Brick and Clay Co., Oscar Textor, 
chemist. 

9. Cleveland shale, black, Cleveland Brick and Clay Co., F. J. Peck 
and Co., chemists. 

10. Cleveland shale, black, Cleveland Brick and Clay Co., F. J. Peck 
and Co., chemists. . 

11. Cleveland shale, black, Brower Farm, Ohio Clay Co., Oscar Textor, 
chemist. 

12. Cleveland shale, black, Brower Farm, Ohio Clay Co., Oscar Textor, 
chemist. 

18. Cleveland shale, black, Newburg Brick and Clay Co., F. J. Peck 
and Co., chemists. 


bo 
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14, Green repressed paving block made by Cleveland Brick and Clay Co., 
consisting of Chagrin and Cleveland shale with very little glacial 
drift; U.) Js Peckzand.<Co...chemists: 

15. Green repressed paving block made by Newburg Brick and Clay Co., 
composed of Chagrin shale with a little Cleveland, but more glacial 
drift. F. J. Peck and Co., chemists. 

16. Average of seven samples taken in proportion to the thickness of 
strata from the side of a cliff consisting of Chagrin and Cleveland 
shale with glacial drift, made for the Ohio Clay Co., Oscar Textor, 
chemist. 

17. Bedford shale, Northern Ohio, presumedly from South Park, or 
Independence, Cuyahoga Co., Ohio Geol. Sur., Vol 7, pages 133-134, 
chemist not given. 

18. Bedford shale, Northern Ohio, same as 17, but different sample and 
chemist. 

19. Average of 10 samples of shales chiefly of Carboniferous age, used 
for making vitrified brick, block, and sewer pipe elsewhere than in 
the Cleveland district. Ohio Geol. Sur. Vol. 7, pages 133-134. 


These analyses were commercial ones in which the determ- 
ination of certain substances only was asked, which accounts for 
the fact that several substances were not determined and that 
very few analyses have a total of 100 percent. In analysis 3, 
the water was determined by ignition with a deduction for the 
sulphur, while in 7, 8, 11, 12, and 16, a similar calculation was 
made with the carbon. A comparison of the various analyses 
will show a great similarity in the composition of the three shales 
used for making brick, although they are of different geological 
age. Comparing the Chagrin with the Cleveland, the silica, 
alumina, magnesia, and lime have a tendency to be slightly higher 
in the Chagrin. The Cleveland is always immediately recognized 
by the amount of carbon present. The percentage of iron is 
higher in the Bedford, as is indicated by its generally red color. 
The constant amount of sulphur trioxide (SO,) is due to the 
presencesorepyittca Heo,). sin analyses 7, 8,. 11, 12, and 16, 
sulphur was certainly present and has been included under water 
as ignition. Analysis 19 shows that the shales of the district 
conform closely to the composition of other shales used in Ohio 
for the same purpose. Analyses 14 and 15 show the exact com- 
position of the mixture used in a brick. Judging by the amount 
of carbon present, Analysis 14 shows that less than 20 percent 
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of Cleveland shale must have been employed. In the shale bank 
of this company, Figure 1, there are three feet of glacial drift 
followed by two to three feet of blue Bedford. Under this, fol- 
low 18 to 20 feet of Cleveland and 88 feet of Chagrin shale. 
The section, Figure 5, used for making the brick analysed in 
15, consists of 16 feet of drift clay, 6 feet of Cleveland and 
113 feet of Chagrin. The glacial clay was undoubtedly richer 
in silica due to the presence of some quartz sand, which raised 
the percentage of silica higher than in any of the shales. On the 
other hand, the six feet of Cleveland was not sufficient to make 
any impression on the analysis if judged by the carbon content. 
There are some authorities who have been disposed to assert 
that the Cleveland shale could not be used for brick making. 
As a matter of fact it is said, by at least one brick manufacturer, 
that the Cleveland makes better brick than the other shales. 
However, it must be burned more slowly, and for a longer period 
in order to drive off all the carbon before any vitrification takes 
place. Otherwise, the various gases would be shut up in the 
interior of the brick, causing it to warp and bloat. A kiln of 
brick consisting entirely of Cleveland shale was made on January 
Ig and 20, 1904, by the Cleveland Brick and Clay Co. The kiln 
was packed with 19,800 standard brick, and 28,500 five inch 
paving block. The result after burning was 19,800 standards, 
allseoed. 20,022 No. 1, five inch; 1,440 No. -2, five inch; and 
432 culls. This was claimed to be a better result than was usually 
obtained from the mixture composed chiefly of Chagrin, with 
very little Cleveland. 

In 1909, when the field data were collected, there were Io 
companies using shales for various purposes. Of these, eight 
were engaged in the manufacture of vitrified brick and paving — 
block with a daily output of nearly 300,000 standard brick, or 
approximately 175,000 paving block of the largest size (five 
inch). Two firms produce only hollow ware, such as hollow 
brick, fireproofing, and conduits. Table IV shows the location 
of these companies with the kind and thickness of shale used: 


464 


TABLE IV. 


O> 


CLAY AND SHALE RESOURCES NEAR CLEVELAND, OHIO 


SHALE BRICK PRODUCERS NEAR CLEVELAND, OHIO 





NAME OF COMPANY 


. Cleveland Brick 


and Clay Co. 


. Cleveland Hydrau- 
lic Press Brick Co. 


. Deckman-Duty 


Brick: Gox 


. Forest City Brick 


Bricks Go. 





. John Kline Brick 


Co: 


LOCATION OF PLANT 


Foot of Rosewood St. 
off Warner Road or 
Baltimore and Ohio 
R.R: south of Har- 
vard 2-Read,” a\iill 
Creek valley. 


South. Park iStation, 
Baltimore and Ohio 
Rau: 


Corner of Adams Ave. 
and Sheffield St. 
Collinwood. 





West 56th St. and 
Cleveland, Lorain 
and Wheeling R. R. 


Wickliffe, Lake Co., 
Stop 21, Cleveland, 
Parnes vail ve and 
Eastern sky RK: 





. Lakewood Brick Co. 


. Metropolitan. Pav- 


ing and Brick Co. 


. Newburg Brick 


and Clay Co. 





So "E cormer, of File 
liard Road and Elm- 
wood Ave., Lake- 
wood. 


1 mile E. S. E. cf Wil- 
low Station, Balti- 
more and Ohio R. 
R. near Canal Road. 


One-half mile east of 
junction of Warner 
and Canal Roads. 








KIND AND THICKNESS OF 
MATERIAL USED 


3 feet of yellow drift 
clay, 2 feet of blue 
Bedford, 20 feet of 
black and blue Cleve- 
land, 88 feet of Cha- 
grin. 


30 feet of red Bedford, 
20 feet of blue Bed- 
ford. 


10 feet of. Chagrin. 
50 feet of Chagrin. 


A few inches of De 
Kalb clay and about 
75 feet of Chagrin. 


2 feet of yellow clays, 
5 feet black Cleve- 
land, 


30 to 60 feet of Or- 
angeville, a small 
amount of Chagrin 
which occurs near 
the plant is mixed 
with the Orangeville. 





(16 feet of yellow gla- 


cial clay, 6 feet of 
black Cleveland, 113 
feet of Chagrin. 
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MANUFACTURERS OF HOLLOW WARE 





KIND AND THICKNESS OF 


NAME OF CO LOCAT 
OF COMPANY OCATION OF PLANT MATERIAL USED 


1. Camp Conduit Co. 14 miles S. W. of Wil- | 8 feet of red Bedford. 
low Station, Balti- | 
more and Ohio R.R., 
near junction of 
Wes t.ho ad “and 
Rockside Avenue. 





2. Ohio Clay Co. One-half mile east of | 5 to 10 feet of yellow 
junction of Warner drift clay, 128 feet of 
and Canal Roads. Chagrin but only 50 


feet were mined. 











Shale brick, paving block, and hollow ware are all made by what 
is called the stiff-mud process which differs from the soft-mud 
method in using less water for tempering. On this account 
the clay is less plastic, but the green product is easier to handle. 
This process requires more expensive machinery, and a larger 
force of men to operate it. The following stages may be dis- 
tinguished in this method of manufacture: (1) Mining and 
transportation ef the shale; (2) Crushing and screening; (3) 
Tempering; (4) Pressing or molding;. (5) Cutting; (6) Re- 
pressing; (7) Drying; (8) Burning. 

The shale is commonly obtained from the side of a valley, 
but two companies mine it from open pits which are about 75 
feet deep, from which the drainage water must be continually 
pumped out. The unweathered shales are very dense and quite 
hard, so that all companies employ dynamite in breaking them 
up. A landslidet occurred on August 17, 1908, at the shale 
bank of the Cleveland Brick and Clay Co., Figure 1, which 
loosened from 60,000 to 80,000 tons and probably saved the com- 
pany over $1,000 worth of dynamite. The method of trans- 
portation varies from a wheelbarrow to a small locomotive which 
is capable of drawing about five cars. The shale is crushed in 
dry pans, screened, and tempered in pug mills which are longer 


1 Landslide Accompanied by Buckling, and Its Relation to Tneat Anticlinal Folds, 
by Frank R. Van Horn, Bull. Geol. Soc. of Am., Vol. 20, p. 625. 
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than those employed in the soft-mud process since less water 
is used, and the shale requires more thorough mixing. The 
molding is done by the brick press which in all cases belongs 
to the type known as an auger machine. The shale is fed by 
pug mill directly to the auger machine, and issues from the die in 
the shape of a plastic bar which is cut by wires into the proper 
thickness since the die head gives the other dimensions correctly. 
Most firms cut standard brick and four inch paving block at 
the same time, but five inch paving block must be made sep- 
arately. Some standard brick, and all paving block, go through 
a repress machine which makes the clay more dense, rounds off 
the corners, and allows the trade-mark to be stamped on. Some 
four inch block were found to decrease in volume about 6 per- 
cent, while five inch block lost about 16 percent by repressing. 
The brick are piled on cars and dried in tunnels, which in most 
places are heated by waste heat from the cooling kilns. The 
following data show the decrease in volume and weight of dried 
shale bricks when compared with green ones: 











inches cu. inches pounds 
Standard brick, green 44 by 94 by 23.... 117.56 i) 
Standard brick, dried 48 by 94 by 2%... 111.28 7 42 
MLSs © 6.28 or 1,4; or 
5.34 percent. 12.98 percent. 
. mch 
4 inch paving block, gia hei pounes 
repressed green, 48 by 9§ by 38......... 165.56 oder 
4 inch paving block, 
repressed, dried, 4% by 98 by 38......... 152.60 ie 
Loss 12°96 or Log of 
7.82 percent. 138.46 percent. 
Sate 
4 inch from another Rhea ap Eos 
factory, green, 48 by 94 by 3f....-....-. 170.25 1242 
weiss , dried, 44 by 94 by 3}....... 166.09 Ur 
Loss 14.16 or 253 or 


8.31 percent. 


17 percent. 
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Average loss in volume of two 4 inch block was 8.06 percent, 
and the average loss in weight was 13.72 percent. 


5 inch paving block, 
repressed, green, 58 by 9% by 3%........ 197.75 15 





repressed, dried, 54 by 94 by 38........ 181.92 igo 
Loss 15. 8020L 1 3); or 


8 percent. 9.58 percent. 


The results show that the loss in volume is much less than 
the percentage of loss in weight. The standard brick and five 
inch block were from two other factories. When comparted with 
clay bricks under the same conditions, shale bricks show about the 
same decrease in volume, but a slightly smaller percentage of 
loss in weight in air shrinkage. The burning operation is entirely 
different from that of clay brick since all shale products are 
vitrified or partly fused, and the heat must be under better con- 
trol. The kilns are all down draft ones, generally round, but 
in some places rectangular in shape. The maximum temperature 
used in these kilns was found to be from 1700 degrees to 1750 
degrees F., determined by means of a pyrometer in one place, 
and by the use of Orton’s fusion cone 07 to be 1850° F. in 
another locality. The fuel used in most places is soft coal. The 
following measurements give the dimensions, volume, and weight 


of burned shale brick from which the fire shrinkage was cal- 
culated : 


Dimension in 


Standard shale brick, inches cu. inches pounds 
Cleveland Brick and Clay 

CO." ne Seen 4 by 8§ by 28 92.77 7 4/16 
Cleveland Hydraulic Press 

Britk#tCO Sateen 4 by 83 by 24 85.00 6 6/16 
Deckman-Duty Brick Co.. 3% by 8% by 2% 81.19 6 14/16 
john ‘Kline * Brick “Co... 5. 4 by 8% by 28 92.77 7 7/16 
Metropolitan Paving and 

Beith Contes acces tee 3% by 84 by 24 79.82 7 1/16 
Newburg Brick and Clay 

CO. a Rene Seana 34 by 8% by 28 85.11 7 

Average volume 86.11 Average 


weight 7 
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Compared with the volume and weight of a dried brick 
which were 111.28 cubic inches and 7 12/16 pounds, respectively, 
it was found that the burned brick showed a loss of 25.17 cubic 
inches or 22.59 percent. The loss in weight was 12 ounces or 
6.07 percent: 


4 inch paving block, 
Cleveland Brick and Clay Co. 44 by 8% by 





cnc te Ral PT Ube A Sea a en ga a 126.00 10 
Deckman-Duty Brick Co. 33 by 8? by 34 114.82 10 1/16 
John Kline Brick Co., 4 by 934 by 3%.... 123.17 10 7/16 
Metropolitan Paving and Brick Co., 4$ by 

eV cremated water AR te nti 8 axe ows 124.52 9 14/16 
Newburg Brick and Clay Co., 4 by 8? by 

EP Le Co PER Ge yt waar 2s Sa SO a 118.48 10 6/16 

Average volume 121.45 Average 


weight 10.15 


The average volume of two dried block was 164.34 cubic 
inches which showed a fire shrinkage of 32.89 cubic inches or 
21.31 percent. The average weight of two dried brick was I1 
pounds which gave a loss of 13.6 ounces or 7.72 percent. 


5 inch paving block, 
Cleveland Brick and Clay Co. 4§ by 8% by 





De ic Ee cs Ae ee ew eo 142.75 12 11/16 
Deckman-Duty Brick Co., 4% by $ by 33 154.95 13 
John Kline Brick Co., 4§ by 9 by 33... 148.07 ep AG: 
Metropolitan Paving and Brick Co., 4% 
ByseCe MOVE ene an, sw ee Rs Sees 138.26 1253/16 
Newburg Brick and Clay Co., 4% by 8% 
Liyeaiese waters aber one aos stan heer 142.87 11 13/16 
Average volume 145.38 Average 


weight 12.41 


The volume of a dried block was 181.92 cubic inches which 
showed a loss of 36.54 inches or 20.08 percent. The weight of a 
dried block was 13°/,, pounds which gave a loss of 1.15 pounds 
or 8.48 percent. 

Compared with the green bricks as they came from the 
cutting table or repress machine, it was found that the burned 
product lost the following volume and weight: 
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Standard shale brick 


Standard shale brick, 
Volume green 117.56 cubic inches, weight green, 9 pounds 
Volume burned 87.11 cubic inches, weight burned, 7 pounds 

















Loss .:: 31.45 or 26.75 percent 2 or 22.22 per- 

4 inch paving block, cent 
Volume green 167.90 weight green 12.75 
Volume burned 121.45 weight burned 10.15 

Loss 46 .45 or 27.66 percent 2.60 or 20.39 per- 

5 inch paving block, cent 
Volume green 197.75 weight green 15.00 
Volume burned 145.38 | weight burned 12.41 

Loss 52.37 or 26,48 percent 2.59 or 17.26 per- 

cent 


Since vitrified paving material is quite expensive, it is sub- 
jected to abrasion and absorption tests. The City of Cleveland 
and Cuyahoga County require that the abrasion test shall show 
a loss which shall not exceed 20 percent. Some tests show a loss 
as low as 14 percent in abrasion, while the absorption in 130 
tests ranged from 1.6 to 3.4 percent. It is rare that tests for 
compressive strength are made but two 4 inch cubes of paving 
block were tested for the Cuyahoga County Engineer’s Office 
with the following results: 


Cracked at Broke at 

4 inch cube No. 1 15,708 pounds per sq. in. 19,144 pounds per 
square inch 

4 inch cube No. 2 17,671 pounds per sq. in. 20,616 pounds per 


square inch 


It requires from 40 to 65 men to run a shale brick plant 
which produces from 40,000 to 55,000 standard brick daily. 

‘Although the various kinds of hollow ware are made by the 
stiff-mud process, there are two operations which differ from the 
method of making shale brick. The clay is tempered in wet pans 
instead of pug mills, and in molding, a sewer-pipe press is used 
instead of auger machines. Some of the advantages of hollow 
ware are that a smaller amount of material is used which de- 
creases the cost of production and transportation. In addition 
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to these factors, they possess sufficient strength for nearly all 
purposes and afford ample protection against moisture, heat, and 
cold. Some experiments on the crushing strength of hollow 
block have recently been conducted at Case School of Applied 
Science. One block tested for the Camp Conduit Co., by Mr. 
H. D. Pallister measured approximately 4 by 4 by 12 inches and 
possessed two webs about half an inch thick, making three hollow 
spaces. This was tested on the 4 by 12 surface which was the 
weakest, since it was supported only by two vertical walls. Com- 
plete failure of the block took place only after 734 pounds per 
square inch of pressure had been applied. Considering the 
amount of available web section, this would make about 3,416 
pounds per square inch. Another block 8 by 12 by 12 inches was 
tested on an 8 by 12 surface. This block had four holes and was 
supported by three webs. It failed at 740 pounds per square 
inch of surface, or 4,215 pounds per square inch of available web 
section. 

Another elaborate series of experiments on crushing and 
absorption were conducted at Case for the Ohio Clay Co., by 
Professor -R, G. Dirkes and: Mire LaaDe Pallistersedl We locks 
measured approximately 5 by 8 by 12 inches, and had one web 
giving two cavities. The exterior walls and webs were about 
one-half inch thick. Twenty different blocks were tested on the 
8 by 12 surface which crushed at loads ranging from 94,000 to 
177,000 pounds with an average of 113,602 pounds. The crush- 
ing load per square inch of area varied from 940 to, 1803 pounds 
with an average of 1210 pounds. Calculated into pounds per 
square inch of available web section, the crushing loads ranged 
from 3,752 to 7,437 pounds with an average of 4,871 pounds. 
As a result of these tests the Building Code of the City of Cleve- 
land was amended so that hollow blocks might be loaded 200 
pounds per square inch of available web section. This allows for 
the usual factor of safety of about 20 percent. The absorption 
was also tested on twenty of the blocks mentioned previously and 
ranged from 2.6 to 10.9 percent with an average of 8.8 percent. 
Incidentally, this shows that hollow ware is not so hard burned, 
and, therefore, not so completely vitrified as shale brick in which 
the absorption does not average 3 percent. 


THE UTILIZATION OF OHIO CLAY-BONDED SAND- 
STONES FOR SILICA BRICK MANUFACTURE 


BY H. B. HENDERSON AND WILBUR STOUT 


The testing of refractory materials began in southern Ohio 
in 1826 when La Grange Furnace located in Lawrence County 
was built of sandstone quarried on the hill adjacent to the site 
chosen. The worth of the native sandstones for such purposes 
is well established by the fact that they were used in the con- 
struction of some 100 charcoal furnaces in what is known as the 
Hanging Rock iron region. Jefferson Furnace, which is located 
near Oak Hill in Jackson County and which stands alone as the 
only active representative of this pioneer industry, was con- 
structed in 1854 of sandstone obtained from a hill some two 
miles distant. Below the Ferriferous ore and limestone, which 
constituted the main supply for ore and flux of the furnaces that 
succeeded best, is found a deposit of sandstone which is very 
persistent throughout the entire area. This bed was named 
Hecla sandstone by Dr. Edward Orton, for one of the early and 
most noted stacks in which it was used was Hecla Furnace, but, 
due to its correlation with the Pennsylvania rocks, it has since 
been named Clarion sandstone. This rock was the favorite 
hearthstone of the charcoal furnace men, and it should thus be 
credited with forming the smelting pot for much of the early 
wealth of the area. The refractory qualities of the Clarion or 
Hecla sandstone have, therefore, been tested for 90 years in 
all, and it is still used for the hearthstone of Jefferson Furnace 
after testing its heat resisting properties for some 60 years. 

The Clarion sandstone is found in the interval from the 
Brookville to the Clarion coal, or rather to the Clarion clay, as 
this bed in southern Ohio lies directly above the sandstone with 
no sharp line of demarcation separating the two deposits. The 
thickness of the stratum varies from 20 to 30 feet, but the stone 
in the upper half is best suited for refractory purposes. This 

(473) 


474 UTILIZATION OF OHIO CLAY-BONDED SANDSTONES 


rock is composed principally of quartz sand with a small amount 
of clay which, in the main, forms the bonding component. Be- 
sides the clay, pyroxene, micas, feldspars, and others are present 
but the combined amount of these is relatively small, owing to 
the wide distribution of the Clarion sandstone, to its heat resist- 
ing qualities determined by long use in the charcoal furnaces, and 
to its chemical and physical composition, the writers chose this 
as one of the sandstones for the manufacture of clay-bonded 
silica brick. The sample was taken from the quarry of the 














james 


Jefferson Iron Company, located in Section 15, Jefferson Town- 
ship, Jackson County. The hearthstone ledge, used for many 
years in relining the furnace, lies near the top of the Clarion 
member which here is some 30 feet in thickness. The exposed 
face of the cliff which was about 1o feet in height and 100 feet 
in length was sampled at regular intervals both vertically and 
horizontally. The sample so taken constitutes the material used 
in the tests described in this paper under the designation Clarion 
sandstone. See Figure 1. 
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Sandstone with clay for a bonding component are found 
associated with the Sciotoville .clay in Scioto County, Ohio. 
These beds are somewhat local in distribution and variable in 
structure and position, but in some localities they have ample 
thickness for ease in mining. The area in which they are best 
developed is that near Gephart Station, Scioto Furnace, and 
Pinkerman in Bloom Township, but they have good volume also 
at other places. The normal position of these sandstones is at 
the base of the Sciotoville member, but often layers are found 
interbedded with the semi-flint clay. They are seldom directly 
associated with the flint clay unless the semi-flint is absent. The 
deposit may be represented by a single bed or by this with one or 
more layers above which are separated by clay. The sandstone 
below the clay belongs, in fact, to the Sharon conglomerate, the 
upper part of which in southern Ohio often occurs as a sandstone 
with but few if any pebbles. Where the Sciotoville clay lies on 
or close to the sandstones they contain a small amount of clay 
which constitutes a part of the bonding material. The sandstones 
interbedded with the semi-flint clay are not a part of the Sharon 
member, but their composition suggests a common origin at 
least. These rocks were selected for the second test because they 
may be mined economically along with the Sciotoville clay, and 
because their composition is somewhat different from that of the 
Clarion sandstone used for the first test. The sand is made up 
of quartz particles admixed with a small number of particles of ° 
basic minerals, hence the fluxes in this part of the stone is low. 
The main bonding component is clay which is in excess of that in 
the Clarion sandstone, but iron minerals in a finely divided state 
are also present, although the amount is relatively small. The 
sample used in the following tests was obtained near Gephart 
Station, Scioto County, Ohio. Here the sandstone layers inter- 
stratified with the semi-flint clay are from 1 to 4 feet in thick- 
ness, and they may be mined with the clay. For identification 
purposes only, it is here called Gephart sandstone. 

The interval from the Ferriferous limestone to the Lower 
Kittanning coal is the most noted clay bearing division of rocks 
in the geological section of Ohio. This interval contains the 
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great deposit of Lower Kittanning clay the outcrop of which 
across southern Ohio from Jefferson County to Lawrence County 
is distinctly traced by a line of extensive ceramic plants, and the 
influence of which has been responsible largely for the suprem- 
acy of this state in the field of clay products. Along with the 
clays are also found sandstones whose properties have not been 
well defined. These sandstones are all cemented with clay the 
amount of which varies from a few percent to such an amount 
that the rock ceases to be a sandstone but becomes a siliceous 
clay. The one chosen and sampled by the writers for the tests 
given in this paper is high in clay, and it is in marked contrast 
to the Clarion sandstone used in the first test. These sandstones 
are found in abundance on the Lower Kittanning clay horizon at 
almost any point where the member is due. The sample used 
was obtained from the clay mines in the Oak Hill district, Jackson 
County, Ohio. The two main components in the mineral are 
quartz and clay, both highly comminuted. It contains also 
noticeable amounts of mica and iron oxides. This rock is here 
designated as Lower Kittanning sandstone. 


The Clarion and Gephart sandstones are true ganisters ac- 
cording to the original meaning of the term as used in England, 
but the Lower Kittanning sandstone is somewhat too argillaceous, 
although it may be placed in the same class with some limitations. 


“The original ganister was a dense, clay-bearing, carbonaceous sand- 
stone of gray, gray-brown or red color, which occurred under the coal 
measures near Sheffield in England, Dowlais in Wales and in parts of 
Scotland. The ganister stone from the Lowood mine was found in a 
bed 10 feet thick at a depth of 1,000 feet, and was considered especially 
valuable for brickmaking purposes in the early days of the manufacture 
of silica brick. This ganister was bonded by means of the contained 
clay impurities and could be formed, dried and burned into brick of fair 
quality without the admixture of extraneous bonding or fluxing agents.” 


1 Havard, Refractories and Furnaces, page 31. 
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Analyses of English ganister is as follows :? 


Garicosh (Scotland). Sheffield. 





Gage oe ns ere eee Re aS ote oo ied 87.06 88.56 
PC IM ro oo har 11.24 10.16 
Fes eer aeerr ee Ae aches 50s chet kina as 0.69 0.97 
S16 Dis Be ae | i nee ct Aa eran? trace 0.04 
ANELOM suai Ar OSes Aa en ee re TE ACG oe te aac 
sO) MR er ee os aht ates Ae. Din ong okey aca be skogs ORO ogeme aia © oc soe 
PET, CMM ry CSR Men als oh ate ak 8 0.33 

fey came Bie AER beck Ake ag et ACNE gE 96'.93 99.73 


“German ganister, also called German dinas brick, analyzed - 
as follows: 








RHINE DINAS FOR PUDDLE FURNACE SPECIAL BRICK 











CUPOLAS 
| | | 
| percent. percent. | percent. 
SSO a ats es ooh ae roves | 92.80 90.84 | 92.85 
Al.Os | 4.95 
Fe.O; 5.94 9.16 | 0.87 
Fluxes ! | 1.83 
| 100.00 
| 


|_——_______—_ fetes Betas ES yee 
| 100.00 100.00 


German natural ganister, blocks hewn from Crummerdorf 
quartz shale, analyzed thus :” 





percent. 
SLE oe, foscbeyve/ eh eel cee el ere ies Rec arcs a a a 88.14 
LNG len a 6.11 
EES Oe. race espresso A er ee 0.45 
Pr ACS eRe Ne ete kd esha s B30 

100.00 


2 Ibid, page 33. 
3 Havard, Refractories and Furnaces, page 50. 
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The analyses of the Ohio ganisters or clay-bonded sandstones 
are given in Table I. 


TABLE I. ANALYSES OF OHIO SANDSTONES 














CLARION | GEPHART LOWER KITTANNING 
| 
percent. | percent. | percent. 
SiQs tee ss eee 88 . 60 | 85.39 | 77.08 
ALOs #3 eee 6.79 9.48 | 14.62 
BOO eines nee 0.66 | 1.05 | 1.00 
CaOnd es ess id. ae None None | 0.27 
Meo@: sian) peta ee 0.11 0.06 | Trace 
ate lis) aoc Raa pitas ee Trace 1.20 
ONG) ge aa shecraure tegay Mowers alee ; 
ie Ue a Ser oen 1.70 0:07 olicier mere 0 
Peoition loss Wo. ae ! 1.70 : 3.53 | 4.26 
eOta loch Stara ere 99.72 | | 100.03 | 99 .93 


_The above analyses of Ohio clay-bonded sandstones show 
features of interest when they are compared with those of the 
foreign materials. The amounts of the various components in 
the Gephart standstone approach closely those of the respective 
components in the English ganisters. The total bases determined 
in the Gephart and in the Scotch Gartcosh sandstones are exactly 
the same, 1.63 percent. There is some difference, however, be- 
tween the Clarion sandstone and the English ganisters, for the 
former contains less alumina and more alkalies, otherwise they 
are much the same. The composition of the Clarion sandstone 
approaches that of some of the German ganisters, especially that 
of the Crummerdorf quartz shale. In this shale the contents, 
silica 88.14, alumina 6.11, ferric oxide .45 are strikingly close 
to the contents, silica 88.60, alumina 6.79, ferric oxide .66 in the 
Clarion sandstone. The alkalies in the shale, however, amount 
to 5.30 percent, while in the Clarion sandstone they amount to 
only 1.86 percent. Although the two rocks are dissimilar in the 
quantities of the respective mineral components present as will 
be shown later, yet if refractory merits are judged by chemical | 
composition alone, the Ohio sandstone is more refractory than the 
Crummerdorf shale. In the German ganister used for puddle 
furnace special brick, the silica is few percent higher, and the 
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alumina from one to two percent lower than they are in the 
Clarion sandstone, while the alkalies and ferric oxides are prac- 
tically the same in both rocks, in fact, the two materials should 
have about the same heat resisting qualities. 


The Lower Kittanning sandstone, taken for the high alumina 
end of the series, contains some Io percent less silica, 4 percent 
more alumina, and 2.50 percent more bases than the original 
ganister used abroad. In fact, it is on the border between a gan- 
ister and a siliceous clay. 

No rational analyses were made of the three sandstones: 
used, but some idea of the quantities of clay, feldspathic mate- 
rial, and quartz they contain may be obtained by calculating the 
alkalies to feldspar, the excess alumina to clay, and the residual 
silica to quartz. Using this method the results obtained for the 
three Ohio samples and the foreign sandstones are given in 
Table II. 




















TABLE II. MINERAL COMPOSITION OF SANDSTONES 

GARTCosH| GERMAN LOWER 

: PUDDLE |CRUMMER- : 

ae FURNACE Boake CLARION | GEPHART Bers 
a ae 

Feldspathic material. 6.40 10.83 ob.oo LAO oe OL 8.87 

Clave iaseve forced is 21.85 6.44 TOM AS87022. 56 32 .85 

RO irae ery | 70.99 82 .36 Gb. 42 |. 5,64 72.91 56.06 

Other components... 0.69 | 87 45 0.81 1g Pid ne es 

Ph Oscl Mtoe 2. | 99.93 | 100.50 | 100.00 : 99.72 | 100.03 | 99 .93 














When the Clarion sandstone is compared by this method to 
the Scotch ganister it shows nearly twice as much feldspathic 
material but only about as much clay base as the foreign stone, 
while the amount of quartz in the former is not far different 
from that in the latter. As the feldspathic material is the main 
fluxing factor in both stones, the foreign ganister is evidently 
more refractory than the Ohio rock, but the effect of the addi- 
tional fluxes in the Clarion sandstone is partially offset by its 
more siliceous nature. It also ranks close.to the rock used. in 
Germany for puddle-furnace brick. The feldspathic materials 
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and iron oxides are about the same in both rocks, but the siliceous 
matter is higher in the German stone. Although the components 
shown by analysis in the Crummerdorf and in the Clarion stones 
are much the same, the mineral components determined by cal- 
culation are far different. The Crummerdorf shale is made up 
almost wholly of comminuted feldspar and quartz with but little 
clay base. 


The quantities of clay base and of quartz in the Gephart 
sandstone are thus shown to be nearly identical with that in the 
Scotch ganister, but the quantity of the feldspathic fluxes in the 
- Gephart stone is only one-half that in the foreign material. When 
the fluxing components only are considered, the Gephart sand- 
stone is equally or even more refractory than either the Scotch 
or Clarion ganisters. The Lower Kittanning sandstone can 
scarcely be considered in the same class as the Scotch ganister 
as the clay base in the former is about 11 percent higher and 
the quartz nearly 15 percent lower than they are in the latter, 
although the difference between the quantities of feldspathic 
matter in the two stones is not large. In composition it is also 
far different from the other Ohio stones tested. 


No information with regard to the texture of the English 
ganisters is at hand. Since these ganisters are described as clay- 
bonded sandstones taken from beds associated with coals their 
texture is probably much the same as that in the Ohio sandstones 
which are also from deposits similarly placed. When the texture 
of the Ohio sandstones is judged by the eye, the Clarion is the 
coarsest grained, and the Lower Kittanning the finest, while the 
Gephart is nearer the former than the latter. This grading is 
verified by a screen test which is given below: 


Hes | CLARION GRPHART | ereOWER 
| 
| percent | percent | percent 
20-40 25.7 5.6 | 2.9 
40-100 58.0 60.7 | 29.4 
100-260 8.5 15.8 | 26.5 
260- 7.8 17.9 ) 41.4 
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The screen test shows the degree to which the materials have 
been comminuted. Of the three sandstones, the Clarion is much 
the coarsest grained and the Lower Kittanning the finest.. When 
the quantity of material in each with sizes between 20-100 mesh 
are considered, the Clarion, Gephart and Lower Kittanning sand- 
stones are in the ratio of 84:66:32. The quantity of this sized 
material in the Clarion, and in the Gephart sandstone is approxi- 
mately the same as that of the quartz and feldspathic material 
determined by calculation. In the Lower Kittanning sandstone 
this is not true, for here the quantity of the 20-100 mesh par- 
ticles only equals about one-half the sum of these body com- 
ponents. Next consider the finer parts or that below 100 mesh 
size. The clay bases in the Clarion and Gephart sandstones in- 
clude the material which went through the 260 mesh screen, and 
one-half that between 100-260 mesh size. In the Lower Kittan- 
ning sandstone the clay base equals only about three-fourths of 
the material that passed the 260 mesh screen, and only about 
one-half of that finer than too mesh. As the physical state of 
a mineral aggregate is an important factor in the fusion behavior 
of the body, the main points brought out by the screen test are 
listed below and considered later under heat treatment. 

(a.) The quartz and feldspathic material in the Clarion 
and Gephart sandstones are rather coarse grained and well sorted. 
The quantity of fine material is low and about equals that of the 
clay base. 

(b.) The quartz and feldspathic material in the Lower Kit- 
tanning sandstone is finely divided and not differently separated. 
The clay base is admixed with about an equal quantity of this 
finely divided granitic material. 

(c.) Physically the Clarion and Gephart sandstones are 
closely related, but these are widely separated from the Lower - 
Kittanning. 

The clay-bonded sandstones were made into ware by the 
most common method used in brick making, that is, by simply 
crushing the materials which were then shaped into ware by 
hand molding. The samples were then treated as follows: 

Clarion sandstone: The sample of ganister was put through 
a jaw crusher, which reduced it so that the largest pieces were 
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about 3g inches in diameter. This crushed product was then 
made thoroughly wet and allowed to stand over night so that it 
would come to an even temper. It was next formed into ware 
in a standard fire-brick mold. No particular difficulty was ex- 
perienced during the process, but the material was very tender ; 
hence it required careful treatment. The material was also tried 
in the dry press, but it did not work well by this process, for the 
brick were too fragile to withstand handling without crumbling. 
Owing to the porous nature of the brick made by either method, 
they may be dried rapidly and safely in almost any type of dryer. 
The hand molded brick after drying, although somewhat tender, 
withstood handling, and they had sufficient strength to support 
the kiln load if not set too high. While the working qualities of 
the Clarion sandstone are not all that may be desired, with only 
a small addition of clay at most, it may be manufactured on a 
commercial basis into marketable ware. 


Gephart sandstone: The sample of Gephart sandstone was 
treated in the same manner as the former. The tempered ma- 
terial was easily shaped into ware either by hand molding, or 
by the dry press process, as it had considerable plasticity or bond- 
ing power. The dried ware had sufficient strength to withstand 
the handling demanded in brick manufacture, and to withstand 
the load attendant with setting. The working qualities of the 
Gephart sandstone are such that it may be made into a good clay- 
bonded silica brick without the addition of extraneous material. 


Lower Kittanning sandstone: The Lower Kittanning sand- 
stone was made into ware by the same method used with the 
preceding samples. The tempered material had sufficient plas 
ticity to be molded in much the same manner as soft-mud fire 
‘ brick are formed. The bonding power of the clay in the mass 
was almost enough to allow the material to be made into ware 
in a stiff-mud brick machine. This body worked very good in the 
dry press also. The strength of the dried ware was about equal to 
that of an ordinary fire brick in the same condition, hence the 
brick are well able to withstand the handling and load strains 
to which they are subjected while in the green state. The test 
shows that the Lower Kittanning sandstone may be manufac- 
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tured into ware with good structure and shape by most any of 
the common methods used in making refractory brick. 

Burning Behavior. Brick made from each sandstone were 
burned to cone I2 or approximately 2500° Fahr. in a gas fired 
kiln. Measurements of the brick in the dried and burned states 
are given below: : 











LENGTH OF 
BURNED BRICK 


DIFFERENCE IN 
PERCENT 


LENGTH OF 
DRIED BRICK 














Clarion 2. 2 meee ee tt Cee 9 inches 94 inches | 2.8 expansion 
Gepharis: Ree ee oe 9 inches 94 inches | 1.4 expansion 


Power Kittanning. eo. oe ee 9 inches 8% inches | 2.8 shrinkage 





The difference in linear changes shown in the above test 
of the three samples corresponds in a general way to the amounts 
of clay contained. The Clarion brick acts like a true lime-bonded 
silica brick, while the Lower Kittanning sample has a shrinkage 
factor much the same as that of ordinary clay ware. 


The brick from the Clarion sandstone at cone 12 has a body 
structure not unlike that of the original sandstone, a little more 
friable and porous perhaps but resembling it closely in color and 
physical appearance. The Gephart sandstone produced a brick 
much harder than the original sandstone and more firmly 
cemented than the brick from the Clarion rock. It has a hard- 
ness close to that of lime-bonded silica ware. The color of the 
sandstone is dark gray while that of the brick is light buff. This 
change in color is due to the oxidation of the finely divided iron 
from the ferrous state in the stone to the ferric state in the 
brick. Vitrification of the clay bond has progressed to such an 
extent that the sand grains are held quite firmly, but no body 
vitrification is apparent, for the brick still has a marked granular 
structure when examined under the microscope. The ware from 
the Lower Kittanning sandstone vitrified at this temperature 
to a firm dense body with a stony fracture. It is very dissimilar 
in physical appearance from the original material. This ware is 
capable of withstanding severe abrasion as well as high tempera- 
tures. 
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A piece of the Clarion sandstone taken from the hearth of 
old Jefferson Furnace shows the effects of high temperatures, 
and of slag action. On the outer surface or the face exposed 
to the furnace action there is a very thin layer of slag which has 
not penetrated the stone, but is merely a surface coating. Next 
there is a vitreous, slightly dark layer, about 3g of an inch in 
thickness in which the sandstone has undergone a complete trans- 
formation, while the remainder of the rock remains unchanged. 











ice 


A microscopic examination of the vitreous layer was made 
by Dr. McCaughey who reports as follows: 


“The sample as examined was prepared by removing all vis- 
ible traces of slag and the white (unaltered) rock. A portion of 
the gray rock was then prepared so that it would pass a 100 
mesh sieve. A slide was made of another portion. 


“The gray stone (product of alteration) was found to con- 


sist largely of tridymite (SiO,) and about ten percent original 
quartz grains. It is presumed that the quartz came from the 
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portion of the rock closest to the unaltered rock, since no trace of 
quartz was found in the thin section. | 


“The index of the grains were found to be between 1.47 and 
1.48, also these showed aggregate polarization with pale bire- 
fringence colors and negative elongation (-¢ ) which is quite 
characteristic of tridymite. 


“The rock section shows that there has been little slag pene- 
tration. Index of refraction of slag—1.50. The tridymite 
aggregates retain the original form of the quartz grains con- 
SUiltuMneetieesancstones. (.5¢e Lic. 4). In fact this’ structure 





Fic. 8. Clarion Sandstone. 


might be called pseudomorphic. The change in mineral com- 
position is most striking, considering the fact that there is little 
change in the granular character of the rock. 


“Quartz has a specific gravity of 2.65, tridymite 2.3, so that 
one may see considerable expansion has taken place. The change 
in volume is evidenced by the shattering of the original grain, 
constituting the rock. 


“T might note that cristobalite is the stable form of SiO, 


above 1470°, between 1470° and 870° tridymite, below 870 
quartz. The index of cristobalite is 1.484 and 1.487. In no case 
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did I find grains index above 1.48, except the original quartz 
grain.” 

“Figure 3 shows a micro-photograph of a thin section of the 
original rock (Clarion sandstone). Figure 4 is the micro-photo- 
graph of the rock as altered by use in the iron furnace. A com- 
parison of these two photographs will show that the original 
rounded character of the grains is Bess (o in Figure 4 and also 
the shattering due probably to expansion.’ 

Refactory Test. Small cones made from rao of the three 
samples were subjected to a heat test using standard Seger cones 


\ 





Fic. 4. Furnace Hearth Stone. 


for the indicator of refractoriness. The tests were made in a 
gas-fired furnace, and the results obtained are given below: 











FUSION POINT 








Lower? Kittannite i. 5250. oe cae ee 4° 29 


CONE ° FAHR. ° CENT. 
| | 
Clarion 20, oi wie He sear en eee eee (4) | 3,148 1,730 
Gepharte vida ooo ak oe | =7e30) | 3,146 1,730 
| 


3,110 | 1,710 
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These tests show that the three clay-bonded sandstones from 
the coal formations of Ohio are all within the limits demanded 
for refractory material that small variations in the quantities of 
flux and clay base in highly siliceous materials have but little 
effect on the final fusion point, although they may change greatly 
the physical state of the body, and that the fusion points of these 
sandstones are close to that of pure quartz. 

Uses of Ohio Clay-Bonded Sandstones. The Ohio gan- 
isters have a possible wide range of usefulness, although so far 
they have had but little application in metallurgical or other high 
temperature operations, except when used for charcoal furnace 
linings. Ware made from these sandstones is well fitted for lin- 
ings of puddle furnaces, cupolas, ladles, annealing ovens, and 
Bessemer converters, for building both beehive and retort coke 
ovens, coal-gas retorts, glass furnace walls, lime and ceramic 
kilns, and for boiler settings, regenerator checkers, and crucibles 
for acid slags. 

General Conclusions. There are present in the coal forma- 
tions of Ohio, clay-bonded sandstones which are well within the 
limits of refractory materials. In general properties these sand- 
stones or ganisters compare favorably with the original English 
ganisters, or with those used extensively in Germany. These 
Ohio ganisters may be made into commercial ware without the 
addition of extraneous material, and by the common methods now 
in use in ceramic practice. 


SOFTENING POINTS OF POTASH FELDSPAR- 
STEATITE MIXTURES: 


BY We Ss’ HOWAT, PITTSBURGH SPA. 


In attempting to develop a number of porcelain bodies, it 
was thought desirable to work up several in which steatite had 
been introduced. It was intended to obtain some of the advan- 
tages of steatite such as its influence in promoting translucency, 
its tendency to whiten the body, and its promotion of slow vitri- 
fication, as suggested by Parmelee’. 

It was also hoped to improve the heat resisting qualities of 
the bodies. | 

It was in endeavoring to answer the question as to just how 
much steatite was required to intensify the fluxing action of the 
feldspar to a maximum that the present work was undertaken. 
It was decided to answer this question by determining the soften- 
ing temperatures of a series of feldspar-steatite mixtures. 

A 100 gram sample of each mixture was weighed out and 
ground dry for four hours in a small ball mill. Small cones (7/32 
inch at base and 1. inch in height) were then molded from each 
mixture with the aid of detrin as a binder. 

For heating the cones a small electric furnace of the platinum 
resistance type was used, the inside diameter of the furnace being 
approximately 144 inches.* The cones were inclined at an angle 
of 60° towards the front of the furnace, the thermocouple used 
being inserted from the back, with the junction about 1/16 inch 
from the cone. 

Temperatures were obtained by usitig a Leeds and Northrup 
potentiometer graduated o.1 millivolt and accurate to 0.02 milli- 
volts. 

The furnace was heated rapidly to 800°C and then regulated 
to follow the time-temperature curve shown in Figure 1. The 
rate of heating above 1150° was 214° per minute. 


1 By permission of the Director, Bureau of Standards. 
* Trans. Amer. Cer. Soc., Vol. 
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Two series of mixtures were run, in the first, using Maine 
feldspar and in the second, a sample obtained by pulverizing 
a selected sample of microcline. Analyses of these and of the 
steatite are given in Table I. 


TABLE |. CHEMICAL ANALYSES OF MINERALS USED 





MAINE FELDSPAR STEATITE MICROCLINE 
| | 

le i et ee 68.56 | 45 .84 | 64.90 _ 
AL Ooa bee eae 17.36 1.26 | 19.04 
eC rt aes Vie eae 0.30 | 0.46 | 0.13 
GEV 8 epi oat el temten » 0.22 8.40 | 0.33 
MeO ach si hee = ee 0.12 | 31.79 | 0.03 
NAO oS eyes ee | 3.64 | 0.10 | 1.76 
KO. ke ee 6.90 0.30 13.88 
lontion Mes eee 02 14.98 0.26 





Table II and the accompanying curves (Fig. 2) show the 
softening points obtained. The temperature taken was that at 
which the tip of the cone had bent over to touch the pat on which 
it was supported.. Each point is the average of two or more 
determinations, the maximum variation being not over 5°C. The 
temperature interval between the initial bending and the final 
point taken was approximately 15°C. 


The values of the softening points as here given are, of 
course, arbitrary, such a series of mixtures having no true melt- 
ing points, being dependent upon various factors, such as size 
of cones used, rate of heating, fineness of materials, etc. For 
example, there was a difference of 28° between the softening 
point of the Maine feldspar and a sample of the same material 
obtained by stirring in water and removing the finer material 
held longest in suspension. 


The mixtures of feldspar and steatite having the lowest soft- 
ening point, however, was found regardless of the arbitrary 
nature of the softening points themselves, and it was this mixture 
we wished to obtain. With both samples of feldspar, percentages 
of steatite ranging from 1714 to 22% percent have about equal 
effects in lowering the softening temperatures to a minimum. In 
the case ‘of the commercial feldspar the minimum temperature 
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was 1215°C and for the selected sample 1160°C, as compared 
with the softening temperatures of the feldspars alone of 1272°C 
and 1232°C respectively. The eutectic composition given above 
should, therefore, prove most useful in using a mixture of these 
materials in vitreous bodies. 


TABLE II. DEFORMATION UE eee ON TEMPERATURES (8 


SOFTENING TEM- 
PERATURE, 


SOFTENING TEM- 


FELDSPAR STEATITE PERATURE, 


MAINE SPAR MICROCLINE 








Sea Se Se OR TY 
percent percent degree CG: degree C. 
100 0 1272 1232 
95 5 1250 1200 
90. 10 1238 1170 
85 15 1225 | 1168 
8214 17% 1215 1160 
80 1225 | 1165 
7174 2214 1215 1165 
75 25 1225 1170 
72% 2714 1225 1180 
70 30 1232 1182 
65 30 1237 1195 
60 40 1258 1205 
55 45 1265 1218 
50 50 1280 1238 
40 60 1297 1265 
30 70 1325 1285 
20 80 1340 1305 
10 90 1360 1340 


0 100 1380 : 1380 


SLAG PAVING BRICK 


BY E. T, MONTGOMERY. AND P.. W. BURDICK SALVRED IN... 


We can, today, make very good clay pavers, but at our best 
we have not yet been able to make a clay block which will stand 
the wear and tear under heavy city traffic as well as a granite 
block. The opinion has been expressed, however, by some pav- 
ing brick manufacturers that this is due to the greater depth or 
thickness of the granite pavement. 


In making slag paving brick from an igneous fusion of suit- 
able clays and limestone or dolomite, with perhaps small quanti- 
ties of additional flux, we are but attempting to produce a syn- 
thetic igneous rock. 


By-product slag blockt have for a long time been made in 
small quantities, and when carefully made and annealed have 
given good account of themselves as a paving material, both in 
this country and abroad. The best of these slag brick have been 
made from copper smelter slag, having the following approxi- 
mate composition: SiQ} = 47-57 (percent ALO. S16 percent, 
Fe,O, 3-10 percent, CaO 18-33 percent, and MgO 1-8 percent. 
The greatest drawback to the by-product production of slag brick 
is, of course, the limited opportunity for control of the slag com- 
position. 

It was for the purpose of developing data upon which an 
independent industry might be based, that the present investi- 
gation was undertaken. The work to be here reported is a con- 
tinuation of that done at the Pittsburgh laboratory of the Bureau 
of Standards as reported on page 547, Vol. XV of these Tran- 
sactions. The conclusions reached in the Bureau of Standards 
work were as follows: “A suitable composition for slag brick 
should not contain less lime and magnesia than that represented 
by a slag composed of 52 percent dolomite and 48 percent shale. 


Cements, Limes and Plaster, Eckel, p. 685. 
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That dolomitic slags, as a class, show greater fluidity, crystallize 
more readily and seem superior in hardness and toughness to the 
limestone slags.”’ 


From this as a starting point it was our object, first, to try 
to lower the fusion points of the best slags developed in the above 
cited investigation, since they are all rather high for commercial 
furnace operation, by the addition of such quantities of the 
cheaper fluxes as seemed commercially feasible. Second, to com- 
pare briquettes of these various compositions with a standard 
clay paving brick, by rattler test; and, third, to finally make full 
size bricks from the best composition and test them by the stand- 
ard rattler test against a well known clay paver. 

The composition of the raw materials used are given in the 
following table together with those used at the Bureau of Stand- 
ards, for the purpose of comparison. 




















TABLE |. CHEMICAL COMPOSITION 
BU. OF STD. BU. OF STD. 
COMPONENT DOLOMITE RAT oi te SHALE ware 
| percent | percent | percent percent 
Siiicameerty. cree Pek sb 94 - 46 | 53.20 59.72 
PRUNE es DAs cue ist os 0 Dis 15 oo 23.25 19.28 
Merricroxide. + <2 fee oes. 45 ig 10.90 | 7.99 
Manganese dioxide.......... per istae H TS 77, | | FO Phew nees 
MM Arguny OxIGee. mise cas. .< Tlie Sou eee > a eee 
iment Ne. as atthe ER a arden are co olka (A ara a 107 1.21 
Mac aesiaies Acne reas of chloe bo isk divi lis Aate ees 62 177 
Calcium .carbonate... oss. a. 54.09 A EO ogee to ‘eee ae 
Magnesium carbonate........ 44 58 Ae Ade ae wen, ere carat. 
Soda B OYO' ORE G.0 IO 8 BIEN Os 18d BIOL DREAD | Bop as Soko tok | ee eat oe 9 69 | Ad 
era atime re rea en Ee ag os ; | 3.06 
Wass Ons 1eNttiOMs «ss . shel: ice Pia 6.80 | 6.96 
100.21 100.28 | 99.90 | 100.46 




















Two different dolomitic limestones were furnished us 
through the courtesy of the Charles Warner Co. of Cedar Hol- 
- low, Pa. and the Woodville White Lime Co., of Woodville, Ohio. 
Both were of nearly the same composition and the Charles War- 
ner Co. stone was the one used in the work. The shale used 
was the local Devonian shale which outcrops at Alfred. 
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As the composition lowest in dolomite which gave a satis- 
factory slag in the Bureau of Standards work, had been placed 
at 52 percent dolomite and 48 percent shale, the following series 
was made up into small cones and their deformation points de- 
termined in an electric furnace. 


TABLE II. DEFORMATION TEMPERATURES IN DEGREES C. 








No. 1 | No. 2 








—_ 


Dolomites) 2 fk 52 56 60 64 68 12 76 80 
Shale aie aber 48 44 Al) SRG 32 28 24 20 
Temperature of de- | 

Above 13007. “Cc: 





formation ..... | oe tact re aa 


As mixture No. 2, though deforming at 1200° C., had in the 
Bureau of Standards work required a temperature of 1320° C. 
to cause fusion of a batch in a large crucible, it was thought 
best to confine our attention to mixtures No. 1 to No. 4, those 
higher in the series being too infusible to be commercially avail- 
able. Having now determined the deformation temperatures for 
these four mixtures, various percentages of several different 
fluxes were added to each, the batches ground and put through 
an 80 mesh sieve, and cones again made up from each batch for 
the determination of deformation points. Table III shows the 
fluxes used and the deformation temperature for each mixture. 

From the table it will be seen that the most effective flux 
was 10 percent of the fluorspar-cryolite eutectic added to mix- 
ture No. 3 consisting of 60 parts dolomite and 40 parts of shale. 
This mixture No. 3 was therefore selected as the basis for all 
future tests. Large batches of No. 3 with additions of 10. per- 
cent and 20 percent of the fluorspar-cryolite eutectic, 10 percent 
sodium carbonate and 20 percent Albany slip were now made up, 
melted in large crucibles and poured into two-part cast iron 
molds, forming a briquette 4 in. by 2 in. by 1% in. To avoid 
cracking, the molds were heated up to between 800 and goo® C. 
in a suitable furnace before the slag was poured into them. 
After casting, the temperature was held at goo° for about two 


495 


SLAG PAVING BRICK 


‘) O16 18 Siow pue (Ween) a31]0A10 yusdsad Gg + (“qeD) Jedsrony jusoied gg jo Sjsisudd dAoge SD2INyY — ALON + 























ona b ON — 2 ONT IT ‘ON Z ‘ON ——— —— — ees’ dys Aueqiy jJusdsed 0g 

F ‘ON — — @ ‘ON 1-2 “ON a oe es — srs dys Aueqiy jusdJed QT 

Siac — —— 7 ON 1-% “ON 2 (ON aa — rrr Jeds epos jusdsed OT 

eaters ¥ ON ar ae oP NGa ie eeoN, Stes 6 ON ee eee. Kae > ae *OD°8N JUs0I0d OT 

—= ee —————= P ‘ON I “ON, id "ON SS ge ‘ON cee er reee e , 91999}Nd-9}] 
-oA£19-1edsionp,y jJusdied OT 

Bh oe oa ais 7 ‘ON ee, oa I ‘ON 3 ‘ON © ‘ON ee oh reeeeeres  n99INI-OIT] 
-OAI9-Jedsionp,y Jusosed g 

HLIM 
7 ‘ON —— e ‘ON TON Z ON aa one — —-—s [°° *sainjxiu ayeys s}yWwoloOGg 
YAGNWOAN AYNLXIWN 
———— SHUNLXIW OL Gaadaqvy xntTa 
D.082T | o09¢T | oObcl ~ | 00271 o002T o08IT | o09TT | o0PIT | o0CIT 











‘O SS3EBYH9S0C NI SSYNLVYESdIWNSAL NOILVNYHOSRG ‘Hl 3IEVL 


496 SLAG PAVING BRICK 


hours, and then the furnace was allowed to cool slowly. In this 
way good, strong, tough, annealed and stony briquettes were al- 
ways obtained. Before using, the molds were washed on the in- 
side with a clay-alumina mixture which caused the briquettes 
to release from the molds easily. 

The briquettes were then rattled for one hour against pieces 
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of Metropolitan paving block, broken to the same size as the 
briquettes, in a ball mill with a suitable charge of pebbles. All 
of the samples had the sharp edges and corners ground off on 
an emery wheel before going into the rattler. The following 
table shows the results averaged from three samples of each mix- 
LUPE: 
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20 percent fluorspar-cryolite briquettes. 4.88 percent loss 
IO percent fluorspar-cryolite briquettes. 5.14 percent loss 


20) Pescenie pany stip ens seve ie. § 5.46 percent loss 
10 percent sodiminy carbonate. 72255, 207% 6.02 percent loss 
PAVING price SAEs’ oad ene ee 7.85 percent loss 


It should be noted here that the lowest melting mixtures 
also give the best rattler test. 

Since the difference in the rattler test between the slag with 
the 20 percent fluorspar-cryolite flux and the one with Io per- 
cent, was not enough to justify the use of the larger amount on 
account of increased cost, more briquettes were made of dolo- 
mite-shale mixture No. 3 plus 10 percent fluorspar-cryolite flux. 
It was found that with this composition fusion could be obtained 
at 1250° C, if time enough were,allowed, but that the batch could 
be melted much more easily at higher temperatures. 

A number of these briquettes were rattled against briquet- 
tes of a similar size and weight, obtained from a Dunn-wire- 
cut-lug Metropolitan shale paver, taken as a standard for clay 
pavers. These were rattled for eight hours, weighed and the 
loss calculated at the end of three, five and eight hours. The re- 
sult is shown on curve sheet, Figure 1. The curves represent 
averages of three samples in each case. 

These results seem to point to the superiority of the slag 
paver in the rattler test. It has also been shown that the tempera- 
ture of fusion can be materially reduced by the addition of small 
amounts of suitable fluxes. Dolomite-shale mixture No. 3 is 
probably superior to either No. 1 or No. 2 because somewhat 
higher in dolomite, hence giving a more stony slag. Ten per- 
cent of the fluorspar-cryolite flux reduced the deformation tem- 
perature or this: mixture from 1240° C. to about 1120° to 1130° 
C. and caused the fusion of a large batch at 1250° C. which is 
approximately the deformation temperature of this mixture with- 
out the flux. 

Attempts to make full size slag paving bricks proved unsuc- 
cessful in the time available. Crucible methods of melting the 
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slag proved inadequate for the large quantity required, and the 
lack of time prevented the construction of a tank furnace. 

No cold junctions were used for the temperatures given in 
this paper, and no corrections therefore have been made. Add 
7° or 8° C. for corrected readings. 


A MEANS FOR THE DETERMINATION OF THE 
FINENESS OF RAW MATERIALS 


BY F. W. WALKER, JR. 


The lack of a standard method for the comparison of the 
degree of subdivision of raw materials is a big handicap to the 
potter, as well as to the grinder of flint and feldspar. Many of 
the difficulties encountered in potting can be attributed to varia- 
tion in raw material, and ceramic progress will be more or less 
limited until this fundamental is given more careful study. 

The many difficulties in the way of bringing about a standard 
for testing this physical property have been the principal cause 
of present conditions, but considerable progress is being made, 
especially in connection with the use of sieves, and the establish- 
ment of a standard method for comparison by their use, seems — 
quite possible. The value of any test for this work should be 
based largely upon its ability to correctly classify the various 
sizes of grain and, especially, that which constitutes the larger 
proportion of the ceramic materials, namely, .oo15 inches and 
less in size. ? 

The elutriation processes which have been used quite exten- 
sively in making measurements of this kind, are in some ways 
well suited to this work, but the difficulties encountered in their 
operation are so numerous as to practically eliminate them from 
use by the practical ceramist. 

The only test at the present time, that seems to be accept- 

able to the potter.is the determination of the amount of residue 
on some one sieve, usually the 140 mesh. This test is referred to 
quite frequently but very seldom in connection with sufficient 
data to judge the size of opening or the sieving process. The 
value of such a test is almost useless and, under the best of condi- 
tions, could only prove of limited value, because the small amount 
of residue contained thereon, would give little information regard- 
ing the character of the bulk of the material. 

(499) 
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The advisability of using a method of this kind, if standard- 
ized, is quite evident when considered in connection with the 
cumulative direct plot as referred to by Mr. Kerr in Vol. XV. 
The general character of the cumulative curve for any given pro- 
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cess of grinding, is fairly constant, and the determination of some 
one point on the curve is sufficient to give a fair idea of its loca- 
tion in the field. 

In as much as the Bureau of Standards, at Washington, has 
recently recommended a standard 200 mesh sieve, as well as siev- 
ing process for the testing of cement, an investigation was car- 
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ried out in accordance with their specification, hoping to be able 
to fix a point on the cumulative curve with a fairly high degree 
of accuracy and, furthermore, should such prove satisfactory, to 
bring the same test into common use for the potters. 

The results of the investigation were only partially satis- 
factory for it was found that the amount of residue was small 
and that a variation of .5 percent from the mean value could be 
expected for residues up to 15 percent. This difficulty is belived 
attributable to the large amount of flour, and it is quite possible 
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that a modification of the government process could be worked 
out to give better results, but the recent development in the manu- 
facture of fine mesh sieves of fairly constant proportions has 
made possible more detailed comparison. 

As the result of this development, further researches were 
undertaken using a series of sieves inclusive of the 280 mesh 
based on an opening of .0029 inch and varying in the ratio of the 
fourth root of two or 1.189, the factor recommended by Prof. 
Richards in his work on ore dressing. 

The following test was outlined after some preliminary 
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study, and its merits determined by a comparison of the results 
obtained, using a single material ground in a cylindrical mill for 
different lengths of time, thus securing data for various degrees 
of fineness which more than covers the field of the ceramist. Ten 
samples of each grinding were carefully taken by means of a 
riffler. 





Fia. 3 


Place a 100 gram sample of the material to be tested, the 
same having been dried to 100°C, in a large beaker and after 
thoroughly mixing with water, decant onto a 280 mesh lawn 8 in. 
W. S. Tyler Standard Screen Scale and carefully wash by sub- 
merging just so that the water will cover the product in the sieves, 
the wave like motion of the water washing the material through 
the sieves as it moves back and forth. This must be continued 
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until all the fines have been removed as evidenced by the lack 
of suspended material when washed with clear water. Follow- 
ing this operation, the sieve is allowed to drain, placed over a 
ten inch watch glass and put in an electric oven, heated to 75°C 
and allowed to remain until thoroughly dry. 

Much of the residue which when wet is retained on the 280 
mesh sieve, passes through readily when dry and therefore care 
must be used to avoid losses. 

The sieves to be used, namely, the W. S. Tyler Standard 
Screen Scale sieves of 115, 150, 170, 200 and 280 mesh with open- 





Fig. 4 


ings of .0049, .0041, .0035, .0029, and .0020 inches, respectively, 
are arranged one on top of the other in the order named, the 
280 mesh sieve being on the bottom, and the residue brushed from 
its container onto the 115 mesh sieve. The stack is next placed 
in the W. S. Tyler Co.’s Ro Tap machine (see Fig. 3), and al- 
lowed to remain for 69 minutes, after which a one minute test is 
made, and the amount of material passing in that time deter- 
mined. The residue on each sieve, as well as the pan, is removed 
carefully, using a I in. soft brush, weighed, and the residue on all 
sieves calculated. 
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The results of the study are shown in Table I, and graphs of 
the average results are shown in Figures 1 and 2. From these 
curves a very fair idea of the degree of subdivision can be had, 
and especially by obtaining an average figure of three or more 
determinations for that passing the 280 mesh lawn which is 
found to have an average comparative diameter of .0015 inches. 
The actual diameter is about 25 percent higher because of the 
shape of the opening. Figures 4, 5, 6 and 7 are micro-photo- 
graphs of. residues retained on 170 mesh sieve, 200 mesh, 280 








:FIG. 5 


mesh and through 280 mesh sieve, the fines. Each co-ordinate 
division has a length of .00833 m. m. 

In the preliminary study efforts were made to dispense with 
the use of a machine but the work proved too laborious. 

In concluding it can be said that results of a fairly high 
degree of accuracy can be had by this method, and this, together: 
with the ease of operation, the elemination of the personal factor. 
and the better analysis of the results made possible by the differ- 
ent residues, makes the test appear as a possible starting point for 
the establishment of a standard. 
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THE EFFECT OF CLAY ON THE FUSIBILITY OF 
BRISTOL GLAZES 


BY 4Ey Ci. BIE 


In the series of terra cotta glazes I made last year, I found 
that the most fusible glazes were obtained with the lowest clay 
contents. The minimum clay for the different series was from 
.03 to..10 eq: In these glazes the-ROcontainedsbaQ andsen@,, 
in addition to CaO and ZnO, so that the amounts of CaO and 
ZnO were considerably lower than that for Bristol glazes. The 
minimum ratio of Al,O, to SiO, in the different series were 
about 1:7, which is a trifle higher than that for Bristol glazes. 
While these glazes were different in composition from Bristol 
glazes in these respects, the results regarding the clay content 
that would obtain the most fusible glazes, were so different from 
those of Prof. Purdy’s results and conclusions concerning Bristol 
glazes that attention was called to these differences in the con- 
cluding sentence of my paper, “It is not evident why so much 
clay could be added to the Bristol glazes without decreasing the 
fusibility.” This statement referred specifically to the amounts 
of clay that could be added to the glazes in Series I and II of 
the Bristol glazes reported in Vol. V of the Transactions. Prof. 
Purdy has justly inferred from this statement that I had 
neglected to take into consideration the fact that the CaO was 
higher in these glazes than in the terra cotta glazes, and that the 
action of the CaO on the clay would answer this implied question 
of facts. This statement should have been more explicit as to 
the amounts of clay that could be added without decreasing fusi- 
bility, rather than the reason why the clay could be added. 

The intent of this statement was to promote a discussion 
on the effect of clay on both types of glazes. In the discussion 
which followed, Prof. Purdy justly stated that the compositions 
of the terra cotta glazes were so different that it was not a Bris- 
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tol glaze series, and that the effect of clay on the fusibility could 
not be compared. 


Prof. Purdy has called my attention to another statement 
made in the discussion of the paper, “That where the CaO and 
ZnO are low as in this study, a high clay content decreases the 
fusibility, which is contrary to what I had learned about stone- 
ware glazes.” Prof. Purdy’s objection to the above statement 
is not that “where ZnO and CaO are low, a high clay content de- 
creases the fusibility,” but to the statement that “this is contrary 
to what I had learned about stoneware glazes.” The idea I 
wished to convey by this statement was that in the series of 
glazes I studied where the RO was more complex. making the 
CaO and ZnO contents considerably lower, the most fusible 
glazes were obtained with low clay contents, while in the porce- 
lain glaze study by Prof. Purdy in Vol. XIII, he states the most 
fusible glazes were obtained with .50 and .55 eq. of Al,O, which, 
in the case of the lower feldspar contents, would give a clay con- 
tent or from) 30 to 235. eqi> The idea of: the first statement 1s 
expressed further in the one which follows it, in which I said 
that “my experience has been that you get the brightest and most 
fusible glazes with the lower clay contents, but with high CaO 
and ZnO, the conditions are different.” 

After the discussion last year, my attention was directed to 
the articles by Prof. Purdy on Bristol glazes in Vol. V and 
porcelain glazes in Vol. XIII, regarding the effect of clay on 
the fusibility. The evidence in Vol. V is shown by the formulas 
of the most fusible glazes, in which the largest amount of clay 
could be added to increase the fusibility. 


The Vol. V glazes referred to are given in Table I. 
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TABLE I. GLAZE COMPOSITIONS 

FUSING 
No. K,0 CaO | ZnO Al,O3 SiO, CLAY | FLINT | TEMPERA- 

TURE 

| | 

iro. Oe ae 20 40 40 | ay} | 1.76 | 12 oa 160° E: 
TE Giga trees 20 .40 40 .06 1.98 | .16 .46 1075°C. 
LE ee: .20 .40 40 40 2.20 .20 60 = 10T5eC: 
Tie tee 25 .00 40 40 2.20 15 .40 1120°C.. 
HG Baa: .25 .30 40 45 2.47 .20 50 1115°C: 
[URS eee eae <20Lie 260 40 | .50 23% .29 Pay (3) 1120°C. 
LBA K Bate etre he .30 200 40 | cod 2.14 .09 .16 1075°C. 
Tipps 25 .30 .30 40 342 2.31 12 .27 1045°C. 
1 Bh are ere .30 .30 205) 45 2.47 15 SON yt OO 
Vibe ee. 40 .20 40 | .48 2.64 .08 .08 1085°C. 


Referring to these formulas, it will be seen that in Series I 
with .20 eq. feldspar, the glazes IG and IH were equally fusible 
and contained .16 and .20 eq. clay. The ZnO is constant in all 
series, and the feldspar increases at the expense of CaO. In 
Series II, the most fusible glaze contained .20 eq. clay and was 
more fusible than the one with .15 eq. In Series III, the most 
fusible glaze contained .12 eq. The amounts of clay that gave 
the most fusible glaze decreased as the feldspar increased at the 
expense of CaO, until with .4 feldspar and .2 CaO, the glaze 
with the first addition of clay, .o8 eq. was the most fusible one of 
the entire study. 

In Vol. XIII, Porcelain Glazes, the limits of compositions 
ane: 

.0o-.8 CaO 
.0-.8 ZnO .50-.80 Al,O, }3.0-4.8 SiO. 
52-75 kG) 


Thé ratio of Al,O, to SiO, meal glazes-sca1 6: 

The effect of the clay on fusibility is summed up in the two 
statements as follows (pages 579-581). 

“(1) Comparing the extremes of the series, it is noted that 
within any group, increase of clay decreases the fusibility of 
the mixtures. In Group I-and Tl 22o"and* 25 seq eter ae) 
we probably started (according to Purdy’s curves p. 158, Vol. 
V) with the most fusible mixtures and added clay to them, while 
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in other groups, we started with mixtures which had already 
been made less fusible by additions of clay, hence we should 
expect to have increased refractoriness. A decrease of clay in 
Group I from .3 eq. to .o eq. would no doubt have likewise de- 
creased the fusibility of the glazes of this group.” 


“(2) From the curves of Purdy (Vol. V) it is readily seen 
NOV ei eeties andl) (Ca -7n© as 1:1 and 1:3) each’ in- 
crease of clay above the minimum used in any one of the groups 
in this study should have increased the refractoriness of glazes. 
In members I and 2 (.50 and .55 Al,O,) of Series C (CaO :ZnO 
as 1:1) Groups I and II (.20 and .25 eq. feldspar) we no doubt 
have the most fusible mixtures that can be obtained with these 
RO’s. Seger found that with .25 K,O and with ratio of Al,O, 
to SiO, of about 1:6 (the same as ours) he obtained maximum 
fusibility with .5 eq. Al,O, and found that either less or more 
Al,O, caused an increase in refractoriness. This mixture of 
Severs is about the same as our I] Ai (.75 CaO,25 K,O 
ERO Lig Os =3 910 DIO), ) 

These statements assert that considerable more clay could 
be added for maximum fusibility than was used in the Bristol 
glaze study in Vol. V. 

The second statement asserts that, as far as the glazes with 
.20 eq. feldspar are concerned, that the most fusible glazes that 
can be obtained with the same RO as that in Series I, Vol. V, 
is with .30 and .35 eq. clay. The most fusible glazes in Vol. V 
were with .16 and .20 eq. clay, but .20 eq. clay was the limit of 
the series. 


Regarding the effect of ZnO and clay on gloss, under gen- 
eral conclusions on the cone 7 burn, we find the following (p. 
559): “When ZnO is .4 eq. or more, increase of clay from .3 
to .6 eq. appears to have but slight effect on the gloss of the 
glaze. This is more pronounced as the feldspar increases, due, 
perhaps, to the total clay content being less and less as the felds- 
par increases.” When ZnO is .4 eq. or more, the CaO content 
ranges from .4 eq. too. As far as gloss is concerned, it must 
be inferred from this statement that ZnO combines with clay as 
readily, or even more readily, than does CaO. 
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Regarding the effect of CaO and ZnO variations on gloss 
under the same heading as above, we find (p. 560) : “ With low 
feldspar (less than .4 eq.) maximum gloss is obtained when the 
ratio of CaO to ZnO is less than 1:1, while with higher feldspar, 
the ratio of CaO to ZnO must be higher, that is, at least 3:1.” 
From this, it must be inferred that for the low feldspar glazes, 
that ZnO is more active in producing gloss than CaO. 

The evidence and statements cited left me somewhat in doubt 
as to the effect of ZnO and CaO on the clay, as regards fusi- 
bility and the amounts of clay that was required for the different 
CaO-ZnO variations to give a fusible glaze. This led to the 
series of glazes I reported in the discussion I wrote after the 
meeting last year. This series was planned to cover additions 
of clay between that used in the Vol. V study with .2 eq. felds- 
par and the Vol. XIII study; to study the effect of CaO-ZnO 
variations with the different clay and flint contents, and the effect 
of increased SiO,. While it is well known that CaO reacts with 
both clay and flint, and that ZnO reacts with flint, I had not 
been able to find any data on the effect of ZnO on clay, except 
the statement cited above. 


The results of this series are shown by the curves (Fig. 1) 
plotted from the data obtained. 

AlLO, SiO; =="1.64:9 (1) CaO en Oe ene eda. 
tion of clay up to at least .3 eq. makes the glaze considerably 
more fusible. This agrees completely with the statements of 
Prof. Purdy cited above. 

(2) CaOt ZnO 4:12. Dhisvis hie kh @ to ay icameaner 
Purdy added the largest amounts of clay, .16 and .20 eq., and 
stated that the maximum fusibility was not reached. Clay and 
flint.are added: here tormaintain.anyAlO, PSiOstatio of ane. 
while in Vol. V the ratio was 1:5.5.: This curve shows that 
clay increases the fusibility up to .20 eq. which gives the most 
fusible mixture with Al,O;:S10,, 1:6 but further additions 
rapidly decrease the fusibility. The glaze containing .30 eq, clay 
is more refractory than any containing less clay, even when the 
glaze contains no clay at all.’ This mixture is the one which 
Prof. Purdy says is the most fusible mixture that can be obtained 
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with these RO’s, and to strengthen this assertion, he cites the 
glaze of Seger mentioned above. 

(3) CaO;Z2nO:27:3. Uhe-glaze with 05 «clay snon 
a trifle more fusible than the one with no clay, and any addition 
of clay above .05 equivalents makes the glazes more refractory. 

SiO, Constant, 1.20 eq. Flint. With SiO, constant in the 
amount to give the glaze with .30 eq. clay an Al,O,-SiO, ratio 
of 1:6, the clay was reduced as shown by dotted curve in Fig. 
1. With CaO: ZnO as 3:1, the dotted curve follows the solid 
curve, except that for equal amounts of clay the glazes are some- 
what more fusible. With CaO: ZnO as 1:1, the most fusible 
glaze has .10 eq. clay and the next in order of fusibility con- 
tains .05 eq. These glazes are more fusible than the most fusible 
one with the Al,O, : SiQ,-as. 1 6,-whicle had 420-eqeclayew at 
CaO: ZnO as 1:3, the glazes with o and .05 eq. clay are the 
most fusible. — 

These results may have been more definite regarding the 
effect of clay on the various CaO-ZnO ratios if I had increased 
the ‘clay in> increments of 705 eq.) between” Jro-and =140 scar 
Seger found that with the same feldspar content as used here, 
and with .8 CaO, the most fusible glaze contained .3 eq. clay. 
Since curve III shows that ZnO does not combine readily with 
clay, as does CaO, we should expect that, when ZnO is added 
to a glaze it must contain less clay to get equal fusibility. Had 
the clay been increased in increments of .05, we might have 
found the most fusible glaze with .25 eq. instead of .30 eq. We 
might also have found in Curve II, that .15 eq. clay would give 
as fusible a glaze as .20 eq., since with this RO and a ratio of 
Al,O; to. SiO, 48.1: 5,.5,..rot, Purdy found that glaxesewitmarG 
and .20 eq. were equally fusible. | 

Conclusion. If the proportions of the various ingredients 
to give the most fusible glaze were known, these proportions 
should also give the longest heat range and should be generally 
free from crazing’. It has been shown, within the limits here 
studied, that the most fusible glazes were obtained with equal 
equivalents of CaO and ZnO and that an increase of either re- 
sulting in a ratio of 3:1 decreased the fusibility. The content 





1 Bristol Glazes, Purdy, Vol. XIII, Trans. Amer. Cer. Soc. 
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of clay to give the most fusible mixture with an AI,O,-SiO, 
Fata, Ol 1:6 %wds .2 eq. Prof> Purdy fouund in Vol. V that 
with the same RO and with an Al,O,-SiO, ratio of 1:5.5 the 
most fusible glazes were with .16 and .20 eq. clay. An increase 
of SiO, resulting in an Al,O,-SiO, ratio of more than 1:6 in- 
creases the fusibility. The most fusible glazes of these series 
were those with comparatively high SiO, contents and contain- 
ing .05 and .10 eq. clay, so that with the higher SiO, contents, _ 
the clay content must be considerably lower to secure the most 
fusible glazes. Having determined these relations, it gives a 
working basis for the development of a low-fusing terra-cotta 
glaze, by the addition and substitution of such components neces- 
sary to secure the desired properties. 

Discussion by Author. After Prof. Purdy had read my 
discussion of the data just given, he prepared a discussion cover- 
ing this, and my discussion of my paper last year. He has asked 
me to incorporate into this paper his discussion and to present 
both sides of the discussion of the effect of clay on fusibility on 
stoneware, porcelain and terra cotta glazes. 

Why does clay increase the fusibility of stoneware, terra 
cotta, and porcelain glazes? 

Prof. Purdy was surprised at the statement in my paper 
last year “it is not evident why so much clay could be added to 
the Vol. V glazes without decreasing the fusibility.’ This 
statement I have referred to before in this paper as questioning 
the amounts of clay, rather than the reason why the clay could 
be added. 

As evidence of the amounts of clay that can be added with- 
out decreasing the fusibility, Prof. Purdy has given a number 
of references as to this fact in the Transactions. In addition 
to nissown work m VololV, V, XIll-and XIV, he has given me 
the following: 

Vol. VIII, p. 168, Fluxing Effect of Clay on Cone Mixtures 
Containing Little or No Clay, by Coulter. In this paper Coulter 
found that clay added to cone 2 increased the fusibility. 

Vol. XV, Study of some Calcareous and Magnesian Slags 
by Bleininger, Brown and Kinnison. With the same iron con- 
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tent, the Al,O, content has been raised nearly .4 eq. before de- 
cided refractoriness was obtained. 


Vol. XVI, p. 454. Deformation Temperatures of Some 
Porcelain Glazes by Stull and Howatt. This study makes plain 
that clay must be added in comparatively large equivalents be- 
fore greatest fusibility is obtained with mixtures having an R O 
of .30 K,O and .7o CaO. The diagram with iso-deformation 
curves shows the effect of SiO, together with clay on fusibility. 
They show that irrespective of the SiO, contents, the clay must 
be present in .3 equivalents in order to have maximum fusibil- 
ity. 

Vol. XVII. Study of the Most Fusible Mixtures of K,O, 
CaQ, ALO,,.5103; by: Hanna sThis contributions <ontam-=0p- 
servations and conclusions that are surprising. They, however, 
like other references here cited, show plainly why clay is neces- 
sary to effect greatest fusibility, and in this case, even with a 
feldspar content of .6 eq. 


American Journal of Science, Jan. 1915, Shepherd and 
Wright, have shown that their eutectic No. 2 is the most fusible 
one. Segers cone 4, therefore;is almost an exact ‘mixture Of 
feldspar and the most fusible eutectic of CaO-Al,O,-SiO, mix- 
Hires. 

The evidence of these references cited above is very con- 
clusive both as to why clay causes increased fusibility, and as to 
the large amounts of clay that can be added without decreasing 
the fusibility. There is no question as to this. 


It is to be noted, however, that nearly all of the mixtures 
to which these references refer, do not contain ZnO, and in every 
case where Al,O, increased the fusibility, the mixtures were 
high in CaO. The mixtures that did contain ZnO were those 
mentioned in the articles by Prof. Purdy. 

The direct evidence of the effect of clay on fusibility is 
given in the Vol. V glazes already referred to. Referring to the 
glazes of Series I and II, to which my statement questioning the 
amounts of clay that could be added without decreasing the 
fusibility specifically referred to, it will be seen that Prof. Purdy 
started with a mixture of feldspar, whiting and zinc oxide, to 
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which he added clay, and enough flint to maintain a ratio of 
Al,O, to SiO, of 1:5.5. The amounts of both added are given 
in the table with the formulas of these glazes. In Vol. V, Prof. 
Purdy states that the increase in fusibility, shown by the fusing 
temperature, is due to clay, and he has reaffirmed this in his 
discussion. There is no question at all but that SiO, added alone 
would have greatly increased the fusibility, so that the fusing 
temperature of these glazes would have been higher had clay 
alone been added. 


Whether or not, the same amounts of clay could be added 
alone and still increase the fusibility, has not been determined 
with the RO’s under discussion, or with any glazes containing 
ZnO. I have shown that with a content of SiO, to give the 
Plaze with <30. eq. clay a tatio of-Al,O,-to 510; of 1:6, that is, 
I.2 eq., that clay increased the fusibility only up to .10 eq. and 
that the glaze with .05 eq. was slightly more fusible than that 
with .20 eq. The answer to this question regarding glazes with- 
out ZnO, is found in the data on porcelain glazes by Stull and 
Howatt in Vol. XVI. Prof. Purdy has taken evidence from this 
deformation study to show the effect of clay. His statement 
is that the data shows “that irrespective of the SiO, content, 
the clay must be present in .3 eq. in order to have maximum 
fusibility.’ An examination of the table of deformation tem- 
peratures shows that this is entirely true. At the same time, 
this data shows that with the lowest SiO, content in this study, 
2.0 eq., an increase of clay up to .3 eq. did not increase the fusi- 
bility. The deformation temperatures are the same for .10 eq. 
clay, the lowest in the study, as for .30 eq. clay which gave the 
most fusible glaze of all the Al,O,-SiO, variations. With each in- 
crease of SiO,, however, up to that giving the most fusible mix- 
ture, the effect of clay in increasing the fusibility was more pro- 
nounced and had its greatest effect with 4.0 eq. S10, which gave 
the most fusible mixture. 

If this evidence can be applied directly to the point under 
discussion, Prof. Purdy could not have added the amount of 
clay alone to the Vol. V glazes and get increased fusibility. The 
fusibility would remain the same. At the same time, I am unable 
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to justify my statement questioning the amounts of clay that 
could be added to the Vol. V glazes, because it reads “that it 


is not evident why so much clay could be added without decreas- 
ing the fusibility.”’ 


2 Porcelain, Stull, Vol. XV, Trans. Amer. Cer. Soc. 
3 Porcelain, Stull, Vol. XV, Trans. Amer. Cer. Soc. 


NOTE ON THE VOLUME CHANGES OF SILICA 
BRICK MIXTURES.* 


BY A> VeePLEININGER AND D: W. ROSS, PITTSBURGH, PA. 


The manufacture of silica brick, apparently a very simple 
process, offers a series of interesting and important problems. 
The behavior of different brands of these bricks in the furnace 
is not the same, nor even is this so of bricks of the same make. 
There are variations with reference to volume changes subse- 
quent to installation in the furnace and differences in regard to 
the resistance to sudden heating and cooling. It is evident that 
the inherent structure and the composition of the rock, the tem- 
perature and the duration of burning are important factors. 


A. study of silica brick has been undertaken by the Bureau 
of Standards of which this contribution is a part. The present 
study concerns itself with the volume changes occurring in silica 
brick during burning. The magnitude of the permanent ex- 
pansion is usually considered the criterion of proper firing and 
amounts to from 3% to */,, of an inch per linear foot over the 
mold measurements. Assuming the complete transformation of 
quartz to cristobalite, a theoretical volume change of the sub- 
stance of the silica brick of 13.4 percent is computed. Usually, 
however, the transformation is not complete. Upon longer con- 
tinued heating practically all of the quartz is transformed, and, 
especially in the presence of fluxes, tridymite appears as the 
stable phase which also causes an additional though slight in- 
crease in volume. 

The volume changes may, however, be very much larger. 
Tite Grammer obtained as. ereat. an: increasé..as -23.8, percent. 
This expansion, however, is not that of the substance itself but 
of the quartzite rock or of the brick as a whole. 


1 By permission of the Director, Bureau of Standards. : ) 
?Cramer and Hecht, Handbuch der gesammten Thonwaaren-industrie, p. 898-97. 
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According to their structure and especially according to 
whether the crystals have suffered deformation in the folding 
process to which quartzite strata have often been subjected, the 
quartz grains tend to fissure and to break down to dust. This 
fine grained material, according to P. J. Holmquist?, transforms 
more readily to the amorphous form and to tridymite than do 
the coarser grains. Cramer comes to the conclusion that quartz- 
ite rocks showing the greatest expansion during the first firing, 
cone 16-17, and comparatively small increases during subsequent 
firings, are most suitable for the manufacture of silica brick. 
This worker found that a certain pure quartzite showed a volume 
increase of 6.8 percent after the first and 18.5 percent after the 
sixth burn. Another specimen increased in volume 1.6 per- 
cent after the first and 1175, percent atter the sixtumining, 0 
the other hand, another, evidently more impure material, was 
found to expand 13.9 percent (by volume) after the first and 
only 13.6 percent after the sixth heating. The latter type, there- 
fore, appears to be more suitable for manufacturing purposes. 
The effect of the impurities, both those originally contained in 
the rock and those added in the form of lime, is to hasten the 
transformation to cristobalite, which means a lower subsequent 
expansion upon reheating. 

Kenneth Seaver*, in reburning commercial silica brick, 
found upon the third firing an increase in the cristobalite content 
of from about 77 to 84 percent. The temperature employed was 
approximately 1540° C. It would seem, therefore, that present 
commercial practice carries the conversion to cristobalite as 
closely to completion as is practicable. 

In carrying out the test under discussion a prepared silica 
brick mixture was obtained through the courtesy of the Harbi- 
son-Walker Refractories Co., Pittsburgh, Pa., and made up into 
two inch cubes. The quartzite rock was that from the Tyrone 
district, Pennsylvania. These were fired to a series of tempera- 
tures from 1200 to 1500° C. The rate of heating was about 
20° C. per hour. The maximum temperature was held for ap- 
proximately four hours. The original and subsequent volume 


3 Geol. Foeren Foerhandl Vol. 88, No. 4 (1911). 
4 Bull. American Institute of Mining Engineers 1915. 
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of the cubes were measured by means of the Seger volumino- 
meter and the linear expansion was likewise obtained. 

These measurements are shown graphically in the accom- 
panying diagram. It appears from these data that expansion 
takes place at as low a temperature as 1200°C., although at 
this point practically no inversion to cristobalite is observed. At 
1250° the first indication of cristobalite appears. Between these 
two temperatures a distinct lag is shown in the expansion curve. 
Beginning with 1300° the expansion appears to be quite constant, 
showing no acceleration or retardation as the temperature is 
raised. ‘This steady increase in volume is coincident with, but 
not proportional to, the formation of cristobalite. It would seem 
from the form of the curve that a rather sudden termination is 
to be expected somewhere beyond 1500°C., which point was not 
reached however. It would incidate the most desirable burning 
temperature. 

The amount of cristobalite was determined in the silica 
brick specimens at 1350°C. by sketching the fields on very thin 
tracing paper with the aid of.a camera lucida. The paper was 
then weighed and the outlines of the grains cut out, whereupon 
the paper was reweighed. The amount of the crystalline phase 
in question was then readily computed. The accuracy of the 
method is probably + 5 percent. 

At 1300° the content of cristobalite did not exceed 5 percent, 
no tridymite being noted. A decided increase in this constituent 
was observed at 1350° when 57.13 percent was found, the re- 
maining substance being quartz and calcium silicate. At 1400° 
this amount increased to 72.17 percent, at 1450° to 81.26 and 
at 1500° to 9o percent. But a small amount of tridymite was 
observed in all of the sections. It is apparent from these values 
that the volume expansion is not proportional to the cristobalite 
content alone since the curve is of practically constant slope even 
though a large amount of transformation took place between 
1300° and 1350°. It is likewise evident that the linear expansion 
does not agree with the volume expansion. The former shows a 
dropping off at 1400° and again at 1450° and appears to ap- 
proach a region of constancy. There is also lack of agreement 
between the linear and volume expansion. The latter point is 
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explained by the well-known fact that the expansion, like shrink- 
age, is not uniform in all directions. The linear changes in this 
work were measured only in one direction. The volume change 
seems to be somewhat greater in each case than the theoretical 
values computed from the linear measurements. Thus a linear 
expansion of 3 percent actually corresponds to a volume increase 
of 9.6 percent instead of 8.73 percent. 

These measurements tend to show also that the minimum 
burning temperature of silica brick should be cone 18. It would 
seem, however, that the suggestion of Grzimails® to burn all 
silica brick till complete conversion to tridymite takes place, is 
practically not feasible, owing to the very heavy cost of carrying 
the temperature so high. The best criterion as to the best 
firing temperature would be that corresponding to the theoretical 
break in the expansion-temperature curve. By maintaining such 
a temperature, probably in the vicinity of cone 20, it might be 
possible to cut down the time of burning considerably. 

The writers are indebted to Messrs. A. A. Klein and H. A. 
Brady for the petrographic determinations and measurements. 


5 Stahl und Eisen, 1911, No. 6. 


THE EFFECT OF NON-PLASTIC MATERIALS ON 
THE SHRINKAGE AND MECHANICAL STRENGTH 
OF A NO. 3 FIRE CLAY BODY 
BY W. C. MILLSOM, H. S. ROBERTSON AND C. C, TREISCHEL, 


URBANA, ILL. 


Realizing that the manufacturers of sewer-pipe are some- 
times in a quandry when it becomes necessary to explain certain 
drying losses and certain failures of their product to stand high 
crushing stresses, we have made the following tests with the hope 
that they might prove of value in alleviating these difficulties. 
Of course we cannot hope to better the product of the man who 
has a shale which dries perfectly; but it is for the manufacturer 
who is forced to add a non-plastic material to his clay that this 
article is intended. Our object then, 1s’ to determine the eifect; 
upon the drying and burning shrinkages and upon the crushing 
strength of the finished product, of varying the quantity and 
character of non-plastic materials added to a sewer-pipe clay. 

The clay used in the tests was a No. 3 fire-clay of the 
Monmouth, Ill., vein, from Macomb, Illinois. This clay was 
chosen because of its availability in large quantities, rather than 
for its importance as a typical sewer-pipe clay. The grog used 
was obtained by grinding broken and imperfect pipe, since this 
is the source of supply in the commercial plant. The sand-rock 
was a round grained variety of rather good quality and also 
came from the Monmouth district. The calcined clay was the 
same No. 3 fire-clay which was used for the clay substance and 
was preheated to 600 degrees... The calcining was done in a 
downdraft gas kiln, known as kiln No. 6 at the University of 
Illinois kiln laboratory. 

The different ingredients were first ground in a dry pan 
equipped with a 10 mesh screen. The body mixtures were then 
weighed out according to the following table and then ground 
in a wet-pan for fire minutes. 
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TABLE |. BODY MIXTURES? 
Series A 
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From the wet-pan the tempered bodies were transferred to 
a small auger machine and run out through a 2% inch drain 
tile die. These tile were cut into 12 inch lengths. The tile 
were allowed to dry in the air for 24 hours and at the end of 
this time it was noticed that nearly all of Series A had cracked 
along the whole length of the tile where the cross bar of the 
die had cut the clay in front of the auger. This series was then 
re-tempered and run through the die again, and six pieces of 
the 2% inch drain tile, twelve inches long were again cut off 
and allowed to dry. This difficulty did not then occur again, and 
after allowing the tile to dry for from two to three days, they 
were set in the kiln, ready for burning. The tile were set up- 
right, two deep, on rings of moist clay run out through the same 
die. The rings were about two inches high. 
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At the same time that the tile were run out on the small 
auger machine, four brickettes, hand pressed on a small dry- 
press machine, were made and marked for determining drying 
shrinkage, and burning shrinkage. These brickettes were set 
in the kiln in saggers, and tightly sealed to keep out the salt gases. 

The first burn was made by setting three tile of each body 
in the kiln in the manner stated above and placing at the same 
time the saggers containing the brickettes. 


TRANS. 401. CER. B06 VOL. AU T5ON & TAE/. 


TEMPEAATUALE (N DEGREES CENTIGHALDE 





Ome Ve P73 
TIME /V Hodke 


Burning Conditions. On account of the smallness of the 
tile, the water smoking period and oxidation period were not 
extended to any great length of time as can be seen by the 
curve. See Figure 1. The kiln used was a rectangular, down- 
draft, open-fire type of kiln, provided with two fire boxes. This 
is the test kiln known as Kiln No. 1, in the kiln laboratory of 
the University of Illinois. The fuel used was soft coal. 
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Method of Salt Glazing. In order to make the test ap- 
proximate commercial conditions the ware was salt-glazed. The 
burning was continued until cone 3 went down, and the tempera- 
ture was held at this point for three hours, a good thick bed 
of fire being obtained in this way. Salt was then applied at one 
of the fire boxes by scattering about ten pounds of salt over 
the fire with a shovel. This was repeated three times, salting 
first one fire box and then the other. The last salt was made 
by salting both fire boxes at once, closing the damper and letting 
the fire die out in this manner. 

On account of the smallness of the kiln and the thinness of 
the fire on this burn, great difficulty was encountered by the 

temperature of the kiln dropping at the time of applying the salt, 
so that from one to two hours was required to raise the tem- 
perature up to the required point after each application of the 
salt. 

Draw trials were made during the burn and at the highest 
point reached and the ware seemed to be vitrified, but, from the 
appearance of the tile when finished it was evident that these 
draws lay in a hotter part of the kiln than the rest of the ware 
as the drain tile themselves were not vitrified. The product of 
this kiln was then of little value for testing, so a second burn 
was made. 

The setting and burning of the second kiln was the same 
as the first, with the exception that the temperature was raised 
about thirty degrees higher than on the first burn. 

In this case the ware was completely vitrified and took a 
much better salt-glaze than the first, although not quite equal 
to a commercial glaze. The salt glazing of the tile was handi- 
capped to a certain extent by inexperience. This was the first 
salt glazing attempted in this kiln or at the University of 
Illinois. 

The ware from this kiln was tested for crushing strength. 

Testing of Ware. The place of testing the ware for 
crushing strength was the Theoretical and Applied Mechanics 
Laboratory of the University of Illinois. 

The machine used for the crushing of the ware was a 100,- 
ooo pound, Riehle testing machine in use at the laboratory. 
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The tile were laid horizontally on the machine, between two 
wooden blocks a little longer than the tile. Strips of leather 
were laid between the block of wood and the tile, in order to 
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take up as much as possible the irregularities on the outside of 
the tile, due to warping. 

These irregularities in the tile, due to the warping, were 
the main sources of error in the testing. The errors were elimi- 
nated to a certain extent, however, by breaking three tile of 
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each body. The data from these three were then taken and the 
modulus of rupture calculated for each. The two results that 
checked the closest were then taken, and the average of these 
two recorded as the modulus of rupture of that body. While 
the warped tile may have caused uneaven bearing surface and 
therefore some error, yet we think that the comparative results 
as averaged above, give us reasonably accurate results to 
work on. 

The data taken were: 1, the thickness of the walls, ¢; 2, 
the inside and outside diameter of the tile, which, when averaged 
gave us the mean diameter of the tile, d; 3, the length of the tile, 
1; and 4, the load necessary to crush the tile, P. 


.96 Pd 
Modulus of rupture then equals 
lt 


wet length —dry length X I00 
The drying shrinkage in percent equals ———————W——— 
wet length 


wet length — burned length X t100 
The burning shrinkage in percent equals ——H-W_— 
wet length 


Conclusions. 1. Due to an excess of silica all of the B 
series cracked, excepting B1 which contained only 10 percent 
sand. The probable reason for this is the polymorphus trans- 
formation which the free silica passes through in the cooling, 
from 8 toa quartz. This could also occur in commercial practice. 

2. The curves show that the strongest body occurs with the 
use of grog, from about 20 to 40 percent. 

3. In the series where calcined clay replaced sand, we 
have greater strength, so that we are safe in assuming that the 
sand does not add to the strength of the body. 

4. From the shrinkage curves we see that the smallest 
shrinkage occurs in the grog series, while in the mixed series 
the grog and calcined clay gives the lowest shrinkage. 
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5. From these results, we think that we can safely say 
that as an ingredient in a sewer pipe body, sand is an undesirable 
element in so far as strength and shrinkage is concerned, and if 
the plant breakage is so low that there is an insufficiency of grog, 
calcined clay may be substituted for it. .It might also be wise 
to substitute calcined clay for some of the sand if it can be done 
without affecting the quality of the salt glaze. 


RESULTS OBTAINED IN FIRING SANITARY 
EARTHENWARE IN THE DRESSLER 
TUNNEL KILN 


BY Co KIRK 
Last August, it was our great pleasure to receive a visit 


from a number of the members of this Society, who came to New 
Castle to see the first Dressler tunnel kiln that had been erected 











Fie. 1 


in this country, in fact, the first one erected in any country for 
firing sanitary earthenware. A number of the members of the 
Society expressed a little skepticism as to the claims made for this 
kiln, and I thought you might be interested in hearing some of 
the results we have obtained in firing this particular kiln in the 
last four months. About the only claim made by the English 
company who furnished this kiln that was not carried out was, 


that we would not have any trouble with it, and that we could 
(582) 
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start off and fire our ware without any loss. Unfortunately they 
never had fired any sanitary earthenware, and we did have trouble. 
We began to fire the kiln about the middle of September, using 
natural gas as fuel, and we started it by putting saggers and fire 
brick on our trucks and running them through. The manufac- 
turer who furnished us our cars had not made them properly, 
they were not square on the ends, consequently when we pushed 





Ge 


one car in and then put in another to push the one ahead of it, 
they would not run evenly on the tracks, and were pushed all sorts 
of ways and developed a tremendous friction on the tracks and 
rollers on which they were running. That stripped the gears on 
our pushing device and finally we had to resort to 50 ton hy- 
draulic jacks to push the cars through. That took some labor and 
time. We overcame this difficulty by chipping off one side and 
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putting a little metal bushing on the other side and truing the 
cars up. After we had made these changes, it is remarkable 
what a small amount of power is required to operate. We had 
four men on a hydraulic jack before we got these properly 
adjusted, it now takes one-twelfth of a horse power to push the 
cars through. Another trouble that developed was with the 
rollers. These rollers were placed with two in a span, and the 
spanners were put together with malleable connections which 
cracked in riveting them, and they broke down in the kiln, and 
we had to cool the kiln down to take them out. We overcame 
that by putting on wrought iron connections. 
After overcoming some of these minor details, we began to 
do business. We have been running the kiln now for about three 
-months continuously, and the claims made for the amount of 
fuel it would take to operate this kiln and for the labor have 
_all been fulfilled and more than justified the expense and labor 
we have expended on it. We developed another trouble as the 
weather got cooler; in putting the ware into the kiln, we cracked 
about 25 percent of it in fire cracks, and in taking it out, we 
dunted another 25 percent. That was rather discouraging, but we 
built hot rooms around the end of the kiln and put our ware in 
these rooms, and the heat from the kiln heated it up so that we 
overcame that trouble. Fig. 1 shows a sectional view of the 
kiln; it is 245 feet long and about 20 feet wide, and the gas is 
applied at a place about two-thirds of the distance from the feed- 
ing end, and is carried in the chambers to the end of the kiln and 
withdrawn with a fan and delivered through an 18-in. pipe. We 
first put it out through the roof. As the weather got colder, we 
did not think it was necessary to waste all that heat, and took it 
through the slip house, and heated part of our shop. Figure 
2 shows the tanks and the closets, that we fire, on the truck. The 
lower part of the car is built up of fire brick, and at the bottom it 
is made of steel angle plates and runs on rollers. The success of 
this kiln depends on the circulation of the hot air around the 
chambers. Figure 3 shows the hollow.chambers. As the air is 
cooled by the ware, it drops down, goes around the fire chamber 
and is circulated over and through the goods; in this way it 
keeps moving and equalizing the temperature. We find on testing 
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it with cones, that there is not one cone difference between the 
‘top and the bottom the space in which we fire the ware, and this 
_ Space is about six feet high and 5 feet wide. We found that this 
“space was best adapted to our ware. Fig. 4 shows the pushing 
gear—the cars are introduced at this end, and pushed through; 
they come out at the opposite end and are pushed along the side 
of the kiln and unloaded. Then they continue down and are 
again loaded with ware. Figure 4 shows the rack and pinion gear 
that pushes the cars through. The cars travel at the rate of 
one inch per minute. Table I shows the result of our gas con- 
sumption and the heat records by a .pyrometer for a week or 
eight days. On December 7th we used 29,000 cubic feet of gas 
in twenty-four hours, and the pyrometers are spaced about 20 
feet apart through the kiln. Where we enter the temperature is 
about 450 degrees F., twenty feet further along it is 700 degrees, 
and the temperature increases until it is 1980 at the hot zone in 
the kiln. At that point we had No. 3 cone down and cone 4 
bent. The next day we used thirty thousand cubic feet, and the 
heat advanced a little with cone 4 down. The next day we 
used twenty-four thousand cubic feet, and the heat went up to 
2,000 degrees and the No. 4 cones were all down. Then it settled 
down, and we are using about twenty-five thousand cubic feet in 
24 hours, and the temperature is carried fairly constant. We hold 
that temperature, and it does not vary Io degrees in 24 hours, 
and we consider that it-is very satisfactory for our ware. I 
would say that we were getting in the 24 hours, three hundred 
pieces of ware, tanks and bowls, the average weight is about 50 
pounds each, making 15,000 pounds material put through the kilns 
in 24 hours. To fire that same amount of ware in an upright 
kiln would take from 250,000 to 300,000 feet of natural gas. 
That will give some idea of the economy of fuel in this kiln. 
Figure 4 shows our pushing device, a rack and gear pinion, and 
it is thrown out of gear with an automatic device. This rod is 
pushed back and the car run in place and pushed into the kiln, 
the door is closed and the cars are kept moving continuously. 
The length of the cars is five feet, six inches, and 40 cars are in 
the kiln at one time, twenty-eight of these from the charging 
end to the fire. The cones are put on the end of the truck, and 
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they can be seen from the inspection holes. Figure 2 gives you 
a side view of the truck. We put eight closets and fourteen tanks 
on a truck. Figure 5 is a photograph taken of the combustion 
chambers—this is where the combustion takes place—these are 
fire brick benches, and this section of the chambers are made 
from carborundum and they are faced with fire brick. The open- 
ings in the top of the flue show where the heat is carried down 
and drawn back through the chambers to fire the ware coming in. 


After four months run, there was practically no deformation 
on these chambers whatever, with the exception that in putting 
in the foundation, under the hottest part, the engineer had per- 
mitted the use of Portland cement grouting, and this grouting, 
under the intense heat, disintegrated and let these flues go down 
a little, and they bent over until they touched the sides of the 
kiln, and in expanding, they had been twisted and some of these 
parts opened up. They were not affected in any way by the heat, 
but were opened up where joined together and allowed some of 
the air from the kiln to pass into the flues, and it interferred with 
the vacuum that we keep there with a fan. 

Figure 5 shows the fire clay chambers, and they are prac- 
tically intact. They have not deteriorated in any way that we 
can see after a four month’s use. About the 15th of January, we 
had some zero weather, and the Gas Company notified us that 
we would have to quit using natural gas. To prepare for this, 
we had erected a gas producer, and we started this up and began 
to fire the kiln with fuel gas. We found with natural gas, the 
heat was developed and carried along, as you see in that pyro- 
meter record. Wiauth producer gas, the flame carried farther, it 
took longer for combustion. 

Fig. 6 shows the end of the kiln where the cars are entered— 
these are cast iron pipes and the products of combustion are car- 
ried down in a pipe and go out through the fan. (See Fig. 7). 
The heat was so great at this end that we could not introduce our 
ware without cracking it. The producer gas carried the flame 
and heat farther along to this end of the kiln: in fact, these got 
red—with natural gas we could not see any color for thirty feet— 
but with producer gas, it ran the heat at this point up to about 
Soo degrees, and we had to add 20 feet to this end of the kiln, and 
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we are just now completing that operation. Mr. Dressler, who is 
the patentee of the kiln, has returned from England. He is with 
us and we are ready to start up again with producer gas. 

At the time this copy was gone over, on June 29th, the kiln 
had been in continuous operation for five months, part of the time 
on producer gas and part on natural gas, and our losses from 
broken ware are less than one percent. 

We have never been able to make enough ware at our place 
to keep it going, to run it up to its full capacity. It runs twenty- 
four hours a day, and thirty days a month, and we have had 
to double our capacity, and we are still unable to keep up with 
it. It turns out more ware than we have been able to produce 
yet, but we hope to catch up to it some day. 

In England they have been using this kiln now continuously 
for eighteen months and they shut it down because they thought 
they ought to look through the flues, and they found no deposits 
of any kind. The secret of the economy of fuel in this kiln 
is the fact that we take the hot air from the goods that are cool- 
ing and introduce it into the flue to fire the goods that are coming 
through, and we get a splendid result in that way —that air 
goes into the flue at probably 1900 degrees, and we only heat 
it up one hundred degrees with the fuel to fire the goods, and 
with producer gas, we get perfect combustion — in fact, it was 
too perfect, it carried the heat clear to the end of the flue and 
made it too hot. 
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NOTE—STONES IN GLASS: ANOTHER POSSIBLE 
CAUSE.? 


BY ALEXANDER SILVERMAN 


Numerous explanations have been advanced to account for 
the formation of stones in glass, but as far as the writer has 
been able to learn, nothing has been published concerning the 
influence of alkali chlorides. 

Sodium and potassium chloride occur as impurities in raw 
materials, and in recent years the former has been added to 
many alabaster batches. Both vaporize at the high tempera- 
ture of the glass furnace, and the vapor has a tendency to attack 
the clay of the pot roof. Some manufacturers use an excess 
of salt in alabaster batches. The excess floats on the surface of 
the glass exerts a powerful action on the pot. 

Through corrosion by either the vapor or the liquid, the 
pot wall becomes pitted and small particles are loosened, enter- 
ing the glass. The use of chlorides should be so regulated as 
to avoid the introduction of more than will dissolve perfectly 
in the glass. 


1Contribution from the School of Chemistry, University of Pittsburgh. 
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THE MECHANICAL STRENGTH OF FIRE-CLAY 
BODIES AFTER REPEATED HEATING 


BY F. A. KIRKPATRICK, URBANA, ILL. 


INTRODUCTION 


Very little work has been done to determine the properties 
of fire-clay bodies after repeated heating at high temperatures. 
Saggers, crucibles, glass pots, retorts, kiln and furnace parts, etc., 
are subject to continuous and repeated asta and in general 
deteriorate rapidly in use. 

The need for investigations along this line is indicated by a 
number of articles in the Transactions, especially those by Simcoe 
in Volumes XI and XVII. The rate of loss of fire-clay saggers 
with repeated heating at cones 12 to 13 is indicated by one of 
Simcoe’s experiments’ as follows: 


No. of Fire Good Saggers 
I 149 
140 
12a 
108 
80 
64 
55 
51 
39 
Ze 
O 


mt 
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In this case a large loss occurred in the third and in each succes- 
sive burn. Simcoe? also showed that. in eleven New Jersey plants 
1 Trans. Amer. Cer. Soc., Vol. XI, p. 222. 
2 Trans. Amer. Cer. Soc., Vol. XVII, p. 256. 
(545) 
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making electrical porcelain, tile, and general ware, the average 
life of a sagger was from five to seven burns. 

Sagger loss has been decreased in many cases by varying the 
kinds and amounts of clay, grog, and other materials and by 
greater care in manufacture. Better saggers are obtained by 
using several different bond clays than by using only one. Simcoe 
gives the following average composition of sagger mixes used in 
the eleven New Jersey plants: 


percent 
Cightobumrine aplastictelay ga: wrest. e 10 
Open: butningsplastic.clay..; sau ee eee 20 
Jighb burningssandyAaclay on ee ee LZ 
Open burning sandlyiclay< 21928. ee eee 7 
Ghote pase le ha ee Se ee 46 


The literature on the subject of fire-clay refractories is ex- 
tensive, and a review will not be attempted at this time. 


& 


EXPERIMENTAL PART 


In order to obtain some idea as to the course of the de- 
terioration of fire-clay bodies after repeated heating, mixtures 
made up of 50 percent grog and 50 percent of a single clay (by 
weight) were burned repeatedly and after each burn the follow- 
ing properties were determined: 


Percent porosity, 

Percent absorption, 
Apparent specific gravity, 
True specific gravity, 
Enclosed pore space, 
Modulus of rupture. 


Seven clays were used: 1, Illinois pot clay; 2, Ohio fire 
clay; 3, Kentucky pot clay; 4, New Jersey fire clay A; 5, New 
Jersey fire clay B; 6, St. Louis fire clay; 7, Tennessee ball clay 
No. 7. The grog used was Olive Hill flint fire clay calcined to 
cone 15, and passed through a ten mesh sieve. 
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The grog as used contained the following sizes of materials: 


Size percent 
STROH peLOO IES Mh he Shy cvs kur Se 100 
FORO 20a? ceo ate ss eas oe cs 38 
OMOEA Oe era ia I a SGN gos 8 i 33 
AO OMMOO ER ON Ef oL ON ecg icc Sake”: 2 

Gor tome sorte IA POS. yr ee a A.5 

RORIORLOO. seme mctntes VAP hee ose 2.5 
TOOBLO R200 Ott Aer hi oe Rie a gles. ss 5 
BIIGUo tim OO Nae fer et ure cect os 5 


The clay and grog were mixed in a large ball mill with no 
pebbles for half an hour. The eighty pound batch was then 
pugged in a wet pan for fifteen minutes, all specimens of one 
mixture being made from the same batch. Briquettes 34 inch 
by I inch by 6 inches were molded in a brass mold and dried 
at room temperature. The entire set of briquettes (about 1200 
in all) were burned at the same time in a coal and coke-fired 
kiln, the rate of heating being about 50° per hour. The tem- 
peratures reached in the first and second burns (cone 7 and cone 
IO respectively) were purely accidental. In the remainder of 
the burns the temperatures reached were cones 13 to 15 with 
a final “soaking” period of four to six hours. In the first burn 
the briquettes were placed in saggers; in the remaining burns 
they were set open fire on the edge and with a small space be- 
tween the pieces. 

This proved to be a severe test of endurance since many of 
the briquettes became glazed from kiln ash and stuck together. 
The entire lot had to be reset twice on account of other use for 
the kiln and thus the briquettes received quite rough handling. 
Better results could be obtained using a gas kiln, setting the 
pieces open fire and not unloading the kiln during the investiga- 
tion. 

After each burn, ten briquettes of each mixture were re- 
moved from the kiln, and the breaking strength determined. 
The briquettes were broken in a ten thousand pound Olsen 
machine, pressure being applied at a uniform rate by means of 
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a small motor. The force applied was not measured by the 
balance arm, but by a reducing device with dial reading, devised 
by Prof. H. F. Moore of the University of Illinois. The ac- 
curacy of the dial reading was about 2 percent, and the rate 
of manipulation was about one briquette per minute. 

The modulus of rupture was calculated from the formula: 


3Fl 





M= 
2 bd? 


Where M = modulus of rupture, 
F = breaking load, in pounds, 
J] = length, in inches, between supports (4% 
inches), 
b = breadth, in inches, 
d = depth, in inches. 


After the briquettes had been broken, the half pieces were 
used for determinations of porosity, etc. They were weighed, 
saturated with water in vacuo, and suspended, and wet weights | 


were determined. The formule and designations used are as 
follows: 


P =total pore space in percent of true clay volume; 
P, = open pore space in percent of true clay volume; 
P, = closed pore space in percent of true clay volume; 
P, = open pore space in percent of briquette volume; 
D =dry weight; S = suspended weight ; 
W =wet weight; 
SY S true specifiepravity; 
S, == apparent specific gravity; 
A =absorption, in percent of dry weight. 

Pr Pr 

W-D 
Peto 
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Since true specific gravity is yet to be determined, the only 
quantities given in this report are P,, A, S,, and M. Values 
for the remaining quantities will be given in the final report. 


RESULTS 

The average moduli of rupture and average percent deviation 
from mean are shown in Table II and the results plotted in 
Fig. 1. The strength of all mixtures increased from burn I 
(cone 7) to burn 2 (cone 10). From burn 2 to burn 3 (cone 
15), all except two mixtures decreased in strength and con- 
tinued, in general, to decrease to burn 10. There is, however, 
a general lag in the curves from burn 4 to burn 7 which is 
accompanied by bows in the porosity and apparent specific gravity 
eutves( tics, 2:and 3). 








Mic ah able dc Be 


TABLE |. INCIDENTAL DATA 
CLAY DEFORMA- ee esi va aee 
haa met Sette ed Leni eee 
| | | [ 
cone percent 
Tinos? poe clays.43 a... % Bee 22.5 5.2 3.7 
Olio hirer clay 4.2. to)... os 30 Ete Ant I here 
Kentacky: por. clay... .-<2: bl 20.0 4.3 2.2 
New Jersey fire clay A... 31 19.6 3.6 2.3 
New Jersey fire clay B... 30 15.7 2.3 0.1 
elise re Clays oats x. 2 30 15.8 4.4 | 2.0 
Tennessee ball clay No. 7. 31 22.6 4.4 | 3.4 
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The relation between porosity and modulus of rupture is 
inconsistent, although it seems to be in general a parallel relation. 
This is apparently contrary to previous experience. It has been 
found? that there is a linear relation between the absorption and 
the crushing strength of burned shale, increase of one accom- 
panying decrease of the other. A similar relation might be 
supposed to exist between porosity and breaking modulus of 
fire-clay grog mixtures, although it is unsafe to assume such a 
relation since it has not been established by experimental work. 
Moreover, the porosities of the fire-clay grog mixtures used were 
much greater than those of shale bodies, and the changes were 
small: from burn I to burn 4 average decrease, 4 percent; from 
burn 4 to burn Io average change, 1 percent. Hence correlation 
of the two properties is difficult, even with single mixtures. 

Mellor* found that a clay body on repeated heating de- 
creased in strength, then increased. This phenomenon was ob- 
served to a slight degree in the present investigation, each mixture 
showing a lag or slight increase in strength at some point be- 
yond which the strength again decreased. The lowering in 
strength from burn 6 to burn 7 was general, corresponding ap- 
proximately to the length of life of saggers as found by Simcoe.® 

In Table II it is seen that at burns 3 and 4 the percent devta- 
tion from mean of the breaking moduli increased greatly with 
nearly all mixtures. New Jersey fire clay B showed less devia- 
tion from mean and more constant moduli for the entire burning 
treatment than any other mixture. This was due to its being 
open grained and tough (non-brittle). On the other hand, the 
brittle close-grained St. Louis mixtures showed large deviations 
and really were valueless after burn 5, since half the remaining 
pieces were cracked after this burn, and only specimens of per- 
fect appearance were chosen for testing. 

5 Trans. Amer. Cer. Soc., Vol. XVII, p. 256 


4Mellor and Austin, Trans. Eng. Cer. Soc., Vol. VI, p. 129. 
8 Bleininger, Trans. Amer. Cer. Soc., Vol. XII, p. 564. 


552 STRENGTH OF FIRE CLAY BODIES AFTER REPEATED HEATING 


S TRANS. 404 CLP? SOC. VOL. AVI/E TIOGA ATR PATRICK 



















































































APPARENT SFLCIFIC CHAVITK 


\ \) 
Ne 
8 8 











NUMBER OF BURN 


STRENGTH OF FIRE CLAY BODIES AFTER REPEATED HEATING 558 


Between these two extremes lie the Ohio fire-clay mixtures, 
which, while tight burning and somewhat brittle, show a gradual 
increase in deviation from mean and with little exception higher 
moduli of rupture throughout the entire ten burns than any 
other mixture. The remaining mixtures also lie between these 
two extremes with regard to breaking strength. 


TABLE II. MODULI OF RUPTURE AND PERCENT DEVIATION 
: FROM MEAN 
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The values of porosity, absorption and apparent specific 
gravity are given in Table III and plotted in Figs. 2 and 3. De- 
terminations were made on five speciments of each mixture for 
each burn. One set of data is given below to afford an idea of 
the accuracy of the work and of the variation of the values. 
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BURN I. ILLINOIS POT CLAY | 
APPARENT 
POROSITY ABSORPTION SPECIFIC 
NO. D s Ww W-D 100 -D 100 ae 

W-s D 

D-S 
bee | | 

127 | 89.94 | 55.60 | 98.73 | 20.37 9.77 2.618 
159 | 75.381 | 46.81 | 83.41 | rays et ae LOA S | 2.644 
158 84.87 52.73 93.58 | 21..32 10.26 2.640 
199 UCOG: 1 40°69 84.27 19.71 9.35 2.624 
198 | 74.88 | 46.08 81.71 20.57 9.85 2.628 
UNV ETATE eatin anton ee el a Ss 20.82 | 9.99 2.631 


Neither porosity nor specific gravity changed. much after 
the fourth burn. Explanations of the observed phenomena can- 
not be attempted until true specific gravity of the specimens has 
been determined and microscopic examinations have been made. 
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TABLE Ill 
ILLINOIS POT CLAY NEW JERSEY FIRE CLAY B 
POROSITY | ABSORP- peti as» POROSITY | ABSORP- Oe ee 
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9 19.39 | - 9.15 | 2.626 9 | 25.49 | 138.21 | 2.589 
10 19°,10'4- - Oc 0144-7 29620 1Qf eh Pattie SP) eRe ee 
OHIO FIRE CLAY ST. LOUIS FIRE CLAY 
1 20.82 9.83 | 2.672 A 20.94 9.86 | 2.700 
2 19.76 9.28" |- 2.653 QW SQOCAD Al 2 2-9 Ons Ais 
3 16.81 TeO25s 22016 Se tly DCAD 0508 7 aoe 
Ae Wi TR TL aie 26209 Mee so ak 4 18.70 8.81 | 2.618 
5 15.320 - 7 0G = 2 86 a 19.02 | 8.90 | 2.642 
Gus Wea 66 CASA G2I592 6: a8 2 19222 9.06 | 2.645 
Te este) 690 2577 7 18.50 | 8.66 | 2.621 
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7 16.35 |- 7254 | S280 7 18.42 | 8.66 | 2.613 
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VARIATION IN LINEAR SHRINKAGE OF CLAY 
TEST PIECES - 


BY JAMES BAILEY 


s 


The shrinkage of a specimen of clay or batch may be de- 
termined by either of two well known methods. 


The volume method, which consists of measuring the wet 
and dry volumes of the clay and computing the percent of the 
volume shrinkage, has been used as the. standard method by 
many scientific investigators, but because of its tediousness it 
thas not been much used by manufacturers. It is customary to 
simply shape the clay into a bar or slab, mark it with fine refer- 
ence lines, measure the original distance between these lines 
and again measure it after the specimen has reached its final 
size. The difference expressed in percent is called the linear 
shrinkage. Variations in the results obtained by the latter 
‘method are those referred to in this paper. 


Preliminary experiments showed that the most important 
causes of variations in the linear shrinkage of any given batch 
were due to, first, the method of making the ‘test piece, and, 
second, to the change in the moisture content while working the 
batch and making the specimens. 


The distribution of the grog was found to be so uniform 
that no variations could be traced to this cause, as was also the 
sizing of the grog particles and moisture distribution. Varia- 
tions due to the drying out of the batch while handling were 
much too small to cause the wide variations in the results. For 
reference, however, the moisture content of each specimen 
should be determined. The chief cause was found to be the 
method of shaping the test pieces, and a series of experiments 
was therefore conducted to show the effect upon the linear 
shrinkage of different methods of making the specimens. 


Four methods were selected as follows: 
Conds 
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First method: “Rolled.” <A large piece of the well mixed 
batch was cut into pieces of suitable size. The pieces were then 
rolled into cylinders between the hands and a flat surface. Each 
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cylinder was then weighed, placed upon a flat surface covered 
with tissue paper and immediately marked with two fine lines 
_ about seven inches apart. In handling the cylinders, great care 
was taken to prevent any stretching or bending of the soft clay. 
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Second method: “Pounded.” The pieces were first made 
into cylinders as above, but were lightly pounded with the heel 
of the hand until they were decidedly flattened. They were 
then weighed, placed upon the tissue paper and marked as be- 
fore. 

Third method: “Stretched Lengthwise.” The rolled cylin- 
ders were stretched lengthwise about two inches just before 
being. placed upon the tissue paper and marked. 

Fourth method: “Compressed.” The cylinders were com- 
pressed lengthwise by slight pressure on the ends until the sur- 
face showed signs of wrinkling. They were then. weighed, 
placed upon the tissue paper and marked. 

All specimens were allowed to dry in the open air until 
bone dry. They were then placed in an oven and dried to con- 
stant weight at 110° C., after which they were weighed, and 
their dry measurement taken. 

The specimens were burned together in a small experimental 
kiln to cone 12 in approximately eight hours. 

Results: The results are given in Fig. 1, and the average 
graphically shown in Fig. 2, together with the mean value deter- 
mined by computation from the volume shrinkage. 

Inspection of the table shows that the variations caused 
by the different moisture contents are insignificant compared 
with other factors. It will also be seen that the data for each 
of the four groups is entirely distinct, 7. e. the higest shrinkage 
in one group is smaller than the lowest in the group having the 
next highest average and wice versa. 

Figure 2 is self explanatory. The average measured dry- 
ing linear shrinkage of the rolled specimens is 21 percent higher 
than the mean shrinkage determined by the volume method. 
The pounded specimens gave slightly lower values than the 
mean. Stretching the cylinders caused the measured shrinkage 
to exceed the mean value by 50 percent and compressing them 
lengthwise caused the measured shrinkage to fall to 42 percent 
of the mean value. The difference between the measured 
shrinkage of the specimens stretched lengthwise and that of the 
specimens compressed lengthwise is nearly equal to the total 
mean drying shrinkage. 
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It may also be noted that, except in the case of the pounded 
specimens, the burning shrinkage is increased when the drying 
shrinkage is increased, and vice versa. 


Explanation of the Phenomena: A clay or clay batch is 
made up of hard particles separated by thin layers of water 
and colloidal substance. The colloidal substance when wet is a 
jelly-like mass capable of flowing under pressure while the hard 
particles remain unchanged. Pressure in any direction but not 
in all directions at the same time squeezes the water and col- 
loidal substance from between the hard particles along the line 
of pressure until the hard particles come into contact. But very 
slight pressure causes this to take place. Further pressure dis- 
places the hard particles and in the case of batches containing 
large grog particles, a grating sound may be heard. 

It is evident that the colloidal films are.thinner along the line 
of pressure and hence are thicker at right angles to the line of 
the applied force, and since it is the aggregate shrinkage of these 
films that is measured, the measured shrinkage is less along the 
line of the applied force than it is at right angles to it. 

This rearrangement of the colloidal films is pictorially rep- 
presented in Figure 3. 


The upper left hand cubes show the uniformly mixed batch, 
the black squares representing the hard particles and the white 
spaces, the plastic substance. The shrinkage is measured along 
S and is the same in all other directions. If we call the hard 
particles (black) grog and the plastic substance between (white 
spaces) clay, the ratio of clay to grog in any direction is .66. 


If a pressure is exerted upon the top and bottom of this 
cube, the cube is contracted vertically and expanded horizontally 
into the shape shown in the upper right hand corner. Here the 
arrows show the direction of the applied force and the shrinkage 
is measured along S as before. The vertical contraction has 
caused the white spaces along the line of pressure to diminish 
and those at right angles to it to become thicker. The ratio of 
clay to grog along S has been increased from .66 to 1.0. If S 
were measured vertically it would be reduced considerably be- 


low .66. 
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Another force acting upon this flattened cube as shown in 
the lower figure causes a further flowage of the plastic substance 
again increasing the white spaces along S, and raising the ratio 
of clay to grog to 1.66. 

Figure 3-A represents the mean value found by computation 
from the volume shrinkage. Rolling, which is a series of com- 
pressions along any diameter, tends to bring the specimen into 
the condition of Fig. 3-C, as also does stretching lengthwise. 
Compressing lengthwise brings the specimen into the condition 
illustrated in Fig. 3-B, but the shrinkage would be measured 
vertically instead of horizontally as shown. 


Conclusion: Although the four methods of making the 
specimens used in these experiments were intended to develop 


the maximum variations, the forces required to start the dis- 
placement of the plastic substance is so small that it is impossible 
to handle the specimens without causing a change in the meas- 
ured linear shrinkage. The shrinkage is usually different in dif- 
ferent parts of the same specimen. As a means of determining 
the properties of a clay for record or comparison: with other 
clays, the direct measurement method is very unsatisfactory. It 
is the belief of the author that the more accurate results obtained 


by the volume method will more than repay the experimentan for 
his added trouble. 


AN APPARATUS FOR STUDYING THE DRYING 
BEHAVIOR OF CLAYS 


BY M. GROVER. BABCOCK 


It is well known that the greater percentage of the aeolin 
(loess) clays found in the middle west are commercially worth- 
less, due to their inability to withstand dryer conditions. In view 
of these conditions, the Engineering Experiment Station of the 
state of Iowa furnished the funds for a study of the drying of 
clays, more especially those of its own state. An apparatus for 
studying the drying of clays was designed and built to enable the 
writer to observe carefully the changes which took place in the 
process. As this apparatus may be applied to drying nearly all 
clays, the author is presenting a diagramatic sketch (not drawn 
to scale) of the apparatus, and the following detailed description. 

In attempting to carry out a series of experiments on the 
drying behavior of clays, there are several important conditions 
which, due to their nature, must be under direct control of the 
investigator, 7. e., temperature, humidity, and velocity of the air. 
This apparatus handles the aforesaid conditions in a fairly satis- 
factory manner. 

In general, the apparatus consists of an expansion tank, air 
regulator, gas meter, pre-heater and drying chamber, all being 
connected in a series by suitable piping. Provision is made in 
several places for the insertion of thermometers and other re- 
cording instruments. 

The air leaving the csriptecee air line of the laboratory 
enters the expansion tank and cools slightly, due to the release 
of pressure. If any undue moisture is present, it condenses and 
may be drawn off at this time by a drip pipe from the tank. The 
air passes through one-half inch pipe into a cooling coil sur- 
rounded by running water, to insure constant temperature and 
humidity of the air. If desired, a freezing solution may be used 
instead of the tap water, and a minimum humidity produced. 
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Any excess water condenses in the coil and is drawn out through 
the bottom by means of a drip pipe. 


The flow of the air is regulated by means of a pipe extend- 
ing from the line connecting the meter and coils into a bottle 
of coal oil, which is immersed to a definite depth. A slight ex- 
cess of air is always kept present and escapes through the oil 
in bubbles. The higher the pressure, the greater the volume of 
air escaping. The air that does not escape through the regu- 
lator flows through an ordinary gas meter, calibrated to cubic 
feet and multiples thereof. Here both the volume of air and its 
rate of flow are measured. The volume may be read from the 
recording dial, and the rate of flow can be calculated by timing 
the movement of the meter hands through average time inter- 
vals. 


There are located, in the piping connections of the meter 
and on the heating chamber, suitable openings for the insertion 
of wet and dry bulb thermometers, thereby enabling the opera- 
tor to measure the temperature and humidity of the air used in 
drying. Traveling through the piping from the meter, the air 
comes to the air heater or pre-heater, and here it is raised to 
the temperature that is desired for the drying. The heater itself 
consists of a galvanized iron box, heavily lagged with asbestos. 
In one end is a heating unit made of nichrome resistance wire 
and connected in circuit with a 220 volt electric main. This 
furnishes the heat required to raise the air to any temperature 
up to 330° F. The temperature is regulated by means of a con- 
tact breaker made of an alloy of two metals which bends away 
from the fixed point according to the degree of heat affecting 
the linear expansion. This thermostat works very well. Tem- 
peratures may be held constant to 1° for a period of several 
hours. 

In one end of the heater there is provided a small pan 2 
in. by 10 in. by 34 in., and in front of the exit opening, a piece 
of burlap is suspended from the top terminating in the pan of the 
heater. When hot air of high moisture content is wanted, steam 
in regulated amounts is passed into the pre-heater above the pan 
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and in part condenses in it. The moisture passes up by capil- 
lary action through the burlap which acts as a wick. As the 
hot air from the back end of the heater passes through the open 
structure of the burlap curtain, it takes up the water. From the 
heater the air passes through a 2% in. duct, which is heavily 
lagged with steam-pipe asbestos .to prevent radiation into the 
dryer proper. Here it is forced to flow down around a parti- 
tion wall to the bottom of the dryer and is then allowed to fill 
the open space. Thus any air currents are broken up. There 
is a similar partition wall on the opposite side with an opening 
at the top, and the exit air passes through this space accom- 
plishing the same purpose in regard to air currents. 

The inside dimensions of the dryer are Io in. by Io in. by 
I4 in., it is constructed of % inch asbestos board. The record- 
ing devices are similar to those reported by Professor Blein- 
inger in his paper on “An Oven with Recdrding Attachments,” 
Vol. XVI, Trans. Amer. Cer. Society. In fact, we have used 
his ideas for the inner workings of the dryer with the follow- 
ing exception. There is a resistance coil resting on the floor 
of this dryer which serves as an auxiliary heater, its principal 
advantage being an aid to the control of the temperature. In 
attempting to work without this auxiliary heater, it was found 
that there was a variable drop in the temperature of the air 
between the pre-heater and the dryer. It is used also to study 
the effect on the cracking of clays, of slow and rapid heating 
up, without air currents. The writer would refer those who 
wish a more detailed description as to the construction of the 
inner parts of the dryer, to Professor Bleininger’s paper. The 
loss of weight and shrinkage of the two samples are automatically 
recorded at the same time. The resulting curves of loss in 
weight and shrinkage are greatly magnified due to the mechani- 
cal construction. : 

In operating the dryer, the clays used are weighed out dry, 
and enough water is added to give them a good working plas- 
ticity, usually from 20 to 25 percent. The clay is shaped in a 
cylindrical die 2% in. by 2% in. The samples weigh about 1%4 
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pounds wet weight; they are ‘submitted to a pressure of 400 
pounds per square inch by means of a hydraulic press with an 
automatic release to insure the same conditions of structure in 
every sample. 


Ceramic Engineering Laboratories, 
Engineering Experiment Station, 
Iowa State College, 
Ames, Iowa. 


HEAT TRANSMISSION OF ENAMEL 


BY EMERSON P. POSTE. 


An attempt to locate data on the heat transmission of enam- 
eled steel as compared with that of copper and plain steel does 
not result in findings of great value, and the actual conditions, 
under which recorded tests have been made, vary so that it is 
difficult to correlate results. It is generally accepted that the 
nature of the surface presented to the heating medium has much 
to do with the rate of transmission. Nevertheless, experimental 
work has been done entirely ignoring this difference and making 
no effort to have a uniform nature of surface. 

Aside from a purely theoretical point of view, it is com- 
mercially necessary for the manufacturer of enameled apparatus 
to know the effect of the enamel on the time required to do a 
given amount of heating, especially when the apparatus under 
consideration is to replace similar apparatus of copper or plain 
steel. 

We have clearly two problems. First, what is the effect 
of the enamel under uniform conditions of surface exposed to 
the heating medium; secondly, what bearing has the difference 
of surface condition on the practical results to be obtained. Only 
the first phase of the subject is to receive attention here. 

Two general conditions come to mind as we attack this 
problem. The first has to do with the actual effect of varying 
thickness of enamel coating and the second with the heat trans- 
mission of enameled steel as compared with that of other ma- 
terials which it may be called upon to replace. The observa- 
tion recorded in this paper throw light on these two phases of 
the problem. 

To cover the first point it seemed reasonable to make use 
of one set of heating conditions throughout, but from a prac- 
tical point of view it seemed necessary to include three sets of 
conditions in studying the second point. We may have as a 

(570) 


HEAT TRANSMISSION OF ENAMEL aan 


heating medium a hot liquid transmitting heat to a liquid not 
boiling ; secondly, by means of steam we may heat a liquid which 
is not boiling and finally we may have a boiling liquid heated 
by steam. There are various other possibilities, but the above 
seem sufficient to include in a general investigation. 

The experimental work included series of tests under the 
general conditions outlined above. The trials with which these 
tests were made were small cylindrical dishes 3 in. deep by 5 
in. in diameter with a half-inch flange at the top and uniform 
thickness of metal. They were filled with a known weight of 
water, and the water evaporated by exposure of the dishes to 
the various heating media. The time to completely evaporate 
the given amount of water was observed. 

The effect of varying the thickness of the enameled coat- 
ing was noted by placing in a boiling water-bath the following 
dishes, each of which contained 500 cc. of water: 


A — Plain steel. 

B— One coat of enamel. 
C— Two coats. 

D — Three coats. 

E — Four coats. 

F — Five coats. 

G — Six coats. 


The outside as well as the inside of each dish had been sand- 
blasted to assure a uniform quality of surface exposed to the 
heating medium. The time required to evaporate the water in 
each dish was noted. The results follow: 


A — 128 minutes. 
B— 151 minutes. 
C— 157 minutes. 
D — 168 minutes. 
E — 183 minutes. 
F — 186 minutes. 
G— 199 minutes. 


A comparison of these figures is best shown by Figure 1. 
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The comparison of copper, unenameled steel, and enameled 
steel was carried out under the three sets of conditions outlined 
above. For the first comparison the following dishes were placed 
in a boiling water-bath and the time to evaporate 500 cc. was 
noted. 

A — Copper. 
B — Plain steel. 
C — Enameled steel, 4 coats. 


As before, all had been sand-blasted outside and inside. The 
time required to evaporate the water was as follows: 


A — 140 minutes. 
B— 153 minutes. 
C— 179 minutes. 


Curve 1 on Figure 2 gives a comparison of these results. 


The second comparison was made using the same three 
dishes mounted in an apparatus making possible the use of steam 
at atmospheric pressure as the heating medium. 

In each dish was placed 500 cc. of water, and the time re- 
quired to evaporate to dryness was noted. The results are as 
follows : 


A — 106 minutes. 
B— 117 minutes. 
C — 164 minutes. 


These results are shown on Curve 2, Figure 2. 


The third comparison was made in a manner similar to 
the second with the steam pressure at ten pounds. In this case 
the water boiled quite vigorously in all the dishes. The results 
are as follows: 


A — 16% minutes. 
B—19_ minutes. 
C— 73 . minutes. 


These values are plotted on Curve 3. 
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The above data leads to the general conclusion that an 
enamel coating on steel produces an appreciable retarding effect 
on heat transmissions, which is but slight with hot water as the 
heating medium but increases as the heating medium is steam 
under rising pressure. 

Experience with commercial apparatus leads to the conclu- 
sion that on larger units the difference between copper and enam- 
eled steel is not so great as would be concluded from the above 
tests on an experimental scale. Data on commercial equipment 
is being obtained and will be included in a later paper on the 
above subject: 


A FUSION STUDY OF THE MINERAL SYSTEMS 
FELDSPAR CALCITE AND FELDSPAR 
MAGNESITE’ 


BY F. A. KIRKPATRICK, URBANA, ILL. 


INTRODUCTION 


Fusion Studies in General. Fusion studies have proven 
to be valuable aids in controlling the properties of ceramic 
products. There are many different kinds of fusion studies. 
Among those of most value to the ceramist are the following: 


1. Determination of melting-points of mixtures of minerals. 
2. Study of compounds formed and of equilibrium relations 
in mineral systems. | 
3. Determination of deformation points of minerals and of 
mixtures of minerals. 
4. Study of viscosity range of substances and mixtures. 


Scope of Work. The present investigation is a study of 
the behavior of the following mineral systems at high tempera- 
tures as indicated by the manner, the rate, and the temperature 
of softening or deformation: — 


Orthoclase-Calcite, 
Orthoclase-Magnesite, 
Albite-Calcite, 
Albite-Magnesite. 


The literature on fusion studies and related phenomena is 
too great in extent to allow of a review at this time. References 
will be given as required from the partial list at the end of this 
report. 

Deformation Point. The deformation point of a body is 
that temperature at which it deforms on heating. For this de- 


1 Abstract of thesis done in partial fulfillment, of the requirements for the degree 
of Master of Science in Ceramic Engineering, University of Illinois, 1916. 
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termination, the method most commonly used and the one em- 
ployed in this investigation is as follows: a triangular upright 
cone of the substance is heated at a definite and uniform rate 
until it bends so that the top touches the base support, or failing 
to bend, it fuses to a ball. The temperature at the instant of 
contact or of balling-up is called the deformation point and is 
measured by means of.a thermocouple pyrometer, optical pyro- 
meter or standard cones. It is understood that in the case of 
balling-up, repeated trials have shown that the cone possesses 
such high viscosity and surface tension that it cannot be made 
to deform normally. 

The deformation point is sometimes called the seriedine 
point, and in some instances it is necessary to distinguish be- 
tween the two, as in the case of glass. The softening point 
curve of glass bears no general relation to the melting point 
curve or to the deformation point curve of the corresponding 
raw materials. It generally lies below them.? 


Melting Point and Melting Point Diagrams. The melt- 
ing point of a substance is that temperature at which the crys- 
talline phase is in equilibrium with the liquid phase at the 
existing pressure. The melting point of the substance may be 
lowered by the addition of another substance. If the two sub- 
stances are mixed in various proportions and the mixtures sub- 
jected to heat changes, the phenomena observed may be repre- 
sented by means of diagrams. 

Melting point and equilibrium diagrams are discussed in 
detail in so many texts that the reader is referred to these for 
explanations of such diagrams. 

Relation Between Melting Point and Deformation Point. 
Considering all substances, the melting point is much the same 
as the deformation point and the substances become fluid at this 
temperature. Most silicates, however, are quite viscous within 
a range of temperature above and below their melting points, 
hence their: deformation points may be either above or below. 
This is shown in Figures 1, 2 and 3. Fig. 1 is the same as 
that of Staley? except that the 1915 curve of Rankin and 


2 Staley, Ref. 27, -p. 674. 
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Wright* for CaO-SiO, is used, and Rieke’s deformation points® 
have been recalculated according to the 1910 Reichsanstalt cone 
calibration which, from cone 14 up, corresponds to the rate of 
heating used by Rieke (4° to 5° per min.) It is noted that 
SiO, and mixtures up to 30 percent deform above the melting 
point, mixtures from 30 percent to 58 percent deform at from 10° 
to 50° below, while the compound 2CaOSiO, at 65 percent CaO 
deforms 480° below its melting point. 

In Fig. 2 are shown melting point and deformation point 
curves for the system CaO-Al,O,. Two facts are to be noted: 

1. High lime mixtures deform much below their melting 
point, as in the system CaO-SiQO,. 

2. Deformation points in the mixtures from 45 to 55 
percent Al,O, are below the melting points of the melting point 
eutectics, resembling the part of the CaO-SiO, system (Fig. 1) 
from 35 to 55 percent CaO. The reason for this is probably 
that the heat of formation of compounds formed in these mix- 
tures causes the cones to deform, while the Seger cones (by 
means of which the temperatures are measured) are subject 
to no such heat effect, and the test cones go down with lower 
Seger cones than they would otherwise.® 

In Fig. 3, are shown melting point and deformation point 
curves for the system SiO,-Al,O, in which lie the compositions 
of Seger cones 28 to 42. It is noted that mixtures up to 80 
percent of Al,O, deform above the melting point, the remainder 
below the melting point. It is observed that deformation points 
of Seger cones made of kaolin and quartz or alumina, are almost 
identical with those of cones made from the oxides Al,O, and 
SiO,. This indicates that the nature of the resultant fusion is 
the same in both cases. Hence, it may be said that in general 
the deformation point curve affords an inaccurate means of 
determining the course of a melting point curve. 

Comparison of Value of Melting Point and Deformation 
Point. The. value of Knowledge of the deformation point of 
a ceramic material lies in the fact that it indicates the tempera- 
ture at which the body softens, regardless of its melting point. 

2 ej aeo 


5 Ref. 58. 
® Ref. 47, p. 1092. 
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The melting points of many substances cannot be determined 
on account of high viscosity, supercooling, and slow rate of 
crystallization, while those of other substances and mixtures 
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have been determined accurately. Such determinations, in con- 
nection with studies of the equilibrium relations have proven 
valuable, in both practical and scientific work. One need only 
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cite the work of the Geophysical Laboratory of the Carnegie 
Institute and of the U. S. Bureau of Standards, on various sys- 
tems, especially their application of the equilibrium diagram of 
the CaO-Al,O,-SiO, system to problems involving the behavior 
of Portland cement clinker. 

Eutectics and Maximum Points. The “melting-point” 
eutectic has already been defined as that mixture of compounds 
having the lowest melting point. The “deformation-point” eutec- 
tic is any mixture of two substances having a lower deformation- 
point than neighboring mixtures. It is not capable of exact 
definition. 

Wilson’ has suggested for compositions at and near max- 
imum points on deformation curves the name “deformation com- 
pound”, in contradistinction to “deformation-point eutectic’, a 
term brought forward by Staley. Since in many cases the max- 
imum point corresponds to no compound formation, the term 
“deformation-point maximum” would seem more appropriate. 


FACTORS AFFECTING DEFORMATION POINTS OF CONES 


Viscosity. The viscosity of many silicates causes them 
to become fluid slowly instead of suddenly as in the case of 
most known substances. If some silicates did not possess this 
property, the production of many ceramic wares would be very 
difficult if not impossible, and there would be no need of def- 
ormation-point determinations since this point would correspond 
to the melting point. 

In general, viscosity decreases with rise in temperature. 
Cones of mixtures having a slow rate of change of viscosity have 
long softening intervals those with a rapid rate have short 
softening intervals. 
| Cones of mixtures having high surface tensions form a ball 
_ on the end before bending or sometimes enlarge without bending 
giving somewhat high deformation temperatures. Some of the 
cones used in the present investigation behaved in this manner. 

Melting Point Eutectic. The effect of the melting point 
eutectic depends upon the following factors : — 


T Ref. 81, p. 226. 
Sefe ei 
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1. Amount of melting point eutectic present and its vis- 
cosity. 

2. Amount of excess component present in the liquid state 
and its viscosity. 


TRANS. 4UCER. S0CVOLKVM = FIOZ MIAKPATHIL A 


fatthin atid Wriglt neltiNg Olt CVE —— — —— / 
LVlCKE Gel? LUT CL VE: ————————— ie 


te abe dol Me 
Wee 


LES, are eres Te ee 
fezzz GLUING Foren | le 
) Rata Se a ee A 


2100 







2000 





> 
N 
NY 








VENVLA AT ORE - OL GILLS CLNIIGAHADE 








a JO ee ee ee GON. 7 22 SOD 
. FPLEACLNT 4/2 Q3 


3. Total amount of liquid present and its viscosity. 

4. Amount of liquid required to cause deformation. 

& The time effect. 

In Fig. 4 it can be shown by means of the lever relation 
that if the mixtures deformed when 50 percent melted, the 
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deformation temperatures would lie on the line AcrE; if 
75 percent is melted, on the line AsE; 1 100)-percent 
is melted, on the line AdE. This takes into. consideration 
only the unmodified effect of the melting point eutectic. The 
time effect, however, changes the course of these lines, since 
the temperature during the period of deformation does not 
remain constant as would be indicated by that part of the 
deformation point curve from r to E. Hence the curve would 
be closer to AcwE. Still another factor must be considered, 
i. e., the viscosity of the excess component A. If this is less 
than the viscosity of the eutectic mixture, the deformation 
curve will remain far below the melting point curve as in 
the CaO-SiO, system, (Fig. 3) from 60 percent to 65 percent 
CaO. If the viscosity of the excess component is greater than 
that of the eutectic, the deformation point curve will remain 
above the melting point curve as in the CaO-SiO, system from 
o to 30 percent CaO. 

If the melting point curve were EX instead of EA, the 
above effects would be accentuated. Under constant viscosity, 
the steeper the melting point curve the farther apart are this 
curve and the deformation point curve, as may be seen by 
comparison of the “5o percent” curves AcrE and XerE with 
the corresponding melting point curves. 

The effect of melting point eutectic was well shown by 
Sosman® in the system SiO,-Al,O, (See Fig. 3). Sosman caused 
cones 28, 29, 30 and 31 to deform by five hours heating at about 
1616° C., a temperature just above eutectic E. Cone 33 was one- 
fourth down, and cone 34 had started to bend. Microscopic 
examination of cone 34 showed it to contain about 50 percent 
of crystallized sillimanite and 50 percent of glass. Using the 
lever relation in connection with Fig. 3, it is found that at 
1616°C;; cone 34 should  contam™ 46 percent ‘or eutectic i. 
This shows that all the eutectic had melted but was not liquid 
enough to bring down the cone in five hours. Examination of 
the remaining cones would undoubtedly have shown that the 
eutectic (larger percentages of the mass, of course) had all 


melted and that very little of the excess sillimanite had melted. 


UREA 
° Ref. 88, p. 487. | 
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In isomorphous systems, the melting point eutectic has no 

effect on the deformation points of other mixtures in the series. 

Reactions and Chemical Nature of the Substances. Sos- 
man,*° in connection with the discussion just quoted, says: 


“The first and most important cause (for all the cones not going 
down at the eutectic temperature) is the fact that the silicate cones are 
not homogeneous in the chemical sense. Cones 28 to 41 are made up of 
mixtures of quartz and kaolin, or alumina and kaolin, The quartz must 
invert into cristobalite, and the kaolin must decompose into cristobalite 
and sillimanite. In cones 28 to 37, sillimanite and excess cristobalite must 
then melt together into the eutectic; in cones 38 to 41, cristobalite and 
excess alumina must unite to form more sillimanite, and this again melts 
down with excess alumina into a eutectic. The cones as made up have 
therefore not the same physical constitution that they would have if 
first melted and then made up out of the melted material. The second 
cause is the slow time-rate of melting of silica. The third reason is the 
very viscous character of the liquid which is formed.” 


The influence of the heat of formation of compounds on 
deformation points has already been mentioned. 


In the systems studied in this investigation the most im- 
portant reaction is the expulsion of CO, from calcite and 
magnesite. This is most rapid in the mixtures at from 1000° 
to 1200°. At 1200° and above, cones containing 60 percent 
or more calcite or magnesite could be seen to be very porous. 


Other important reactions which probably occur and which 
will be discussed latersare the decomposition and the formation 
of compounds. 


Size, Shape and Inclination of Cone. An excellent and 
thorough study of the effect of a number of different factors 
on the deformation points of coal ash was made by Fieldner 
and Hall.11 The average composition of the ashes tested was 
as follows: 


1 Ref. 48d. 
10 Ref.33,p.487. 
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As indicated by the analyses, coal ashes contain those oxides 
found in impure clays and in about the same proportions. Hence 
conditions which were found to give the most accurate determi- 
nations of deformation points of such complicated mixtures as 
coal ashes should give the most accurate results for many ceramic 
mixtures. 


Fieldner and Hall conclude that: 


“Triangular shaped cones }$ inch base and 1} inches high give closer 
duplication and from 10° to 50° lower average softening points than 
4 inch by 1 inch cones (due to the greater bending moment of the 
former). Cones 3/16 inch by 1 inch gave practically the same results 
as $ inch by 14 inch cones. The more slender cones were more satis- 
factory in giving shorter and more definite softening intervals; they also 
gave less trouble from intumescence due to evolution of gases from the 
melting ash. In reducing-atmosphere tests, the surrounding gases pene- 
trated a thin cone more uniformly than one with a wide base.” 

“Mounting the cones with a considerable inclination, 35° to 45° 
from the vertical led in some cases to premature deformation points, 
which were caused by a further bending over, due to shrinkage of the 
cone in its base, rather than deformation due to softening and flowing 
of the ash. Vertical or nearly vertical cones were free from this source 
of error and gave the most concordant indications.” 

“Ash ground to an impalpable power tended to soften at a slightly 
lower temperature than 100 mesh ash. The difference averaged 6° and 
in no case exceeded 40°.” 


The materials must be mixed by some method which will 
give a physically homogeneous body. Segregation of different 
minerals would tend to cause higher or lower deformation points. 
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Fieldner and Hall conclude further : 


“The atmosphere in which the ash was heated proved by far the 
most important factor in causing large variations in the softening tem- 
perature. The highest softening points were obtained in an atmosphere 
of air or in a strongly reducing atmosphere of CO, which prevented the 
iron oxide from acting as a fluxing agent by reducing it to metallic iron 
before the softening of the ash began. The lowest softening tempera- 
tures were obtained in those atmospheres of mixed gases in which re- 
duction of Fe.O; proceeded mainly to’ FeO, the most active phase of 
iron as regards slag formation at lower temperatures. The maximum 
variation in softening points due to the nature of the atmosphere ranges 
from 148° to 495°C.” 


Some of the Seger cones below No. 4 contain Fe,O, or PbO 
as a flux. Under reducing conditions these deform, in general, 
at lower temperatures. Even those cones containing no iron may 
be ‘flashed down” if not protected from the kiln gases, giving in- 
dications one or two cones low. 

Rate of Heating. Continuing the quotation of Fieldner 


and Hall’s conclusions: 


“In general, slower rates of heating gave lower softening points. 
Rates slower than 2° per minute are too time consuming for practical 
consideration. Rates faster than 10° per minute led to inaccurate tem- 
perature measurements. A 2° rate of heating gave the most uniform 
results: however, heating at 5° per minute to initial deformation and 
then reducing to 2° per minute, gave practically the same results and 
saved considerable time.” . 


In discussing the behavior of Seger cones, Rieke’ says: 


“Many determinations in different kilns show that the melting 
points (deformation points) of all Seger cones 022-15 are affected more 
or less by the duration of heating. In contrast with this factor, all 
others influencing the melting-down of cones, appear of less importance. 
While the lower cones (022-012a) deform sooner with very slow heating 
than with quick heating, the cones from 012a to 1 with excessively slow 
heating become more refractory due to formation at their surfaces of 
a glaze of difficultly fusible compounds. The intervals between succes- 
sive cones thus become greatly changed and in some cases greatly 
lessened, altho the cones go down in proper order. From about Seger 
cone 1 to cone 15, all cones deform at lower temperatures, with slower 
heating than with quick heating. This lowering can amount to from 
60” to 100°?" iia 


12 Ref. 68, p. 743. 
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Dr. Rothe of the Physikalische-Technische Reichsanstalt of 
Berlin conducted a very thorough investigation of the behavior of 
Seger cones!® in which 400 observations were made on cones _ to 
20 in an iridium tube furnace. 


He says: 


“Since Seger cones are bad conductors of heat they will possess 
with quick heating a lower temperature than the thermo-element, which 
follows the temperature change quickly. We found by a series of ex- 
periments that the rate must be slowed up at least 20 minutes before 
the softening point is reached, to 5° at the most per minute. The 
cones were of small size and were inclined 10° from the vertical.” 


The work of Hoffman and of Rieke on Seger cones has been 
translated from the German by Getjsbeek. (Trans. Amer. Cer. 
Soc. XIV p. 849). 


Simonis* determined deformation points of mixtures of 
Zettlitz kaolin, quartz and feldspar. He says: 


“If we have compositions whose components show great tendency 
to reciprocal solution, formation of a definite chemical compound or 
whose melting-point lies far below that of the components, then the 
melting-point lies close to the deformation point, and the softening takes 
place quickly and at a more definite temperature.” 


“In bodies whose components show only slight reaction on one 
another and in which the cone melts somewhat higher than the lower 
component, softening is slow. In the ideal case no solution of the more 
refractory constituent occurs in the first melted glass and the cone goes 
down slowly. The softening rests only in part on the gradually result- 
ing solution of the high-melting components, in. other part on the de- 
crease in viscosity of the lower melting components.” Mixtures of the 
first kind are in general more independent of the rate of heating than 
those of the second kind. The rate of heating was on the average such 
that a five minute interval elapsed between the going down of successive 
‘Z-Cones® (that is 4° to 5° per minute). At least this rate was main- 
tained for the latter period of heating. The speed of heating far be- 
low the deformation point naturally played a far less important role.” 


13 Ref. 60. 

4 Ref. 59. 

1 This is apparently the case in the Al,O3-SiOs system. 

16 an 8 cones made using Zettlitz kaolin and having deformation points close 
to those the Seger cones. 
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Since it will be necessary in this investigation to discuss the 
deformation temperatures of some of the Seger cones, the fol- 
lowing tables of temperatures are given. 

Temperatures given by the 1910 circular of the German 
Reichsanstalt : 

















CONE | = TEMP. °C. CONE | TEMP. °C. | CONE TEMP. °C 
| | | 
022 | 600 02a |, 1060 19 1520 
021 | 650 Ola 1080 20 1530 
020 | 670 la 1100 26 1580 
019: | 690: 2a 1120 27 1610 
018 | 710 3a 1140 28 1630 
017 | 730 4a 1160 29 | 1650 
016 750 5a 1180 30 1670 
Qléa_ | 790 6a 1200 a1 1690: 
Oiaa-t es 815 7 1230 oa 1710 
013a | 835 8 1250 33 | 1730 
012a 855 9 1280 34 1750 
Olay 880 10 1300 35 1770 
O10a 900 ue 1320 36 1790 
09a | 920 12 1350 ot | 1825 
08a si 940 18 1380 38 | 1850 
Ta. a 960 14 1410 39 1880 
06a | 980 15 1435 40 | 1920 
Obaxnal 1000 16 1460 4] | 1960 
04a | 1020 17 1480 42 2000 
03a | 1040 18 : 1500 | 














Rieke’s table in “Das Porzgellan” is the same as that given 
above except that he gives old cones instead of “‘a’’ cones as fol- 
lows: 

CONE TEMP. 


CONE TEMP. 


| 

010 950 02 1090 
09 970 01 | 1110 
08 990 1 1139 
07 | 1010 Dict 1150 
06 1030 3 1170 
05 | 1050 4 1190 
04 1070 5 1200 
03 | 1080 6 1210 
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In regard to the above scales, the following may be said. The 
figures given for cones 022 to o13a check closely those obtained 
by Rieke’ at an average rate of 2° per minute. The temperatures 
for cones O13a to 6a were probably determined with the same rate 
of heating. Rieke'® found cones o13a to 6a to deform about 45° 
higher at a rate of 4°-5° per minute. Ata rate of 1° per minute, 
Rieke gets cones 7 to 15 down at from 10° to 25° lower than the 
Reichsanstalt figures. Hence the latter figures undoubtedly cor- 
respond to a rate of 2° per minute. 

Dr. Rothe’® using a rate of 5° per minute for 20 minutes be- 
fore deformation, found that cones 7 to 13 deformed at from 55° 
to 15° degrees higher than the Reichsanstalt figures, and cones 14 
to 20 deformed at temperatures close to these figures. The tem- 
peratures for cones 26 to 42 were obtained using a rate of 5° per 
minute. 

Hence, it may be said that Seger cones under oxidizing condi- 
tions, may be caused to deform very close to the temperatures 
given in the above tables by the use of the following rates of 
heating : 


Cones Rate 
022 40, 13 “Inc. 2° per minute 
o15a to 6a ince. 2° per minute 
14, £0-<42-anc; 5° per minute 


In summarizing the observations quoted above in regard to 
the effect of rate of heating, the following points are noted: — 


1. The rate of heating affects cones of different composi- 
tions differently. The principal reason is probably that the 
speeds of reactions tending to establish equilibrium conditions 
between liquid and solid phases change more rapidly with change 
of temperature in some mixtures than in others. 

2. The less viscous the eutectic portions of the cones or 
the more liquid the entire mass, the less effect has the rate of 
heating. 

3. Rieke found that some Seger cones melted lower and 
some higher at slow rates of heating. 

4 Ref. 68, p. 727. 


18 Ref. 638, p. 742. 
2? Ref. 60. 
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4. Fieldner and Hall very properly introduce the practical 
consideration that rates slower than 2° per minute are too time- 
consuming for use in laboratory tests. 

5. The final test of the suitability of a rate of heating for 
any one composition or for a series of mixtures of similar prop- 
erties is the degree of variation between deformation tempera- 
tures obtained by repeated determinations. 

In the present investigation, check determinations were made 
in one series, orthoclase-calcite. The average difference from 
the mean value of deformation temperature was less than 2°, 
that is, within the accuracy of the pyrometer used. The rate 
used (4° per minute) therefore gave results sufficiently accurate 
for the purpose. At this rate, the deformation temperatures 
for Seger cones 3, 6, 9 and 10 were about 50° higher than 
the Reichsanstalt figures which correspond to a rate of 2° per 
minute. Stull and Howat,” using a rate of 214° per minute 
for porcelain glaze cones, obtained about the same degree of 
accuracy. 

General Statement Regarding Effect of Various Factors 
on Deformation of Cones. The above list of factors is not 
considered complete but is intended to give an idea of the great 
number of variables affecting such determinations and perhaps 
includes the most important. With so many possible factors 
affecting the deformation of cones, the degree of accuracy ob- 
tained in determination of deformation temperatures is remark- 
able. In addition to the separate effect of each factor is the 
effect of one factor upon others. For example, the effect of 
melting point eutectic depends upon its viscosity. The deforma- 
tion temperature itself, however, is of doubtful value unless 
the conditions under which it was determined are given. 


METHODS USED 


The deformation tests in the present study were made in a 
platinum resistance furnace of one inch inside diameter using 
direct current at 110 volts. The rheosat used gave rather large 
steps in resistance so that it required a shifting adjustment in 
order to maintain the slow rate of temperature rise. 


20 Ref. 37. 
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The temperature measurements were made by means of a 
Heraeus platinum platinum-rhodium thermocouple and a Leeds 
Northrup indicator potentiometer accurate to about 2 millivolts 
(2°). The thermocouple was calibrated by the method described 
by Fulton, using two points, the temperature of boiling sulphur 
and the melting point of copper, the cold junction being main- 
tained at 0°C. 


The minerals used were furnished .by the Foote Mineral 
Co., of Philadelphia. They were crushed in a jaw crusher 
to about half-inch size. The material passing through a 20 
mesh screen was rejected. The larger sized material after hand 
picking to remove impurities, was ground dry in porcelain ball 
mills using flint pebbles and passed through a 200 mesh screen. 


The cone mixtures were made in five gram amounts by 
rolling the powders on paper, passing through a 100 mesh screen, 
then grinding in an agate mortar. Five percent dextrine solu- 
tion was added, and cones molded in an Orton cone mold. This 
gave cones 34 inch high and 3/16 inch side of base. These were 
found to give consistent results. There was not time to de- 
termine the effect of size, as done by Fieldner and Hall.” 


The cones were set at an angle of 25° from the vertical 
in pats composed of 50 percent bauxite and 50 percent kaolin, 
two cones being placed in each pat. In the orthoclase-calcite 
series, the pats containing cones were not calcined before the 
deformation test was made. In all other series they were 
calcined to 800° in an electric furnace. The furnace in which 
the tests were made was brought to 800° after each determina- 
tion, and the pats transferred to it from the calcining furnace 
at this temperature. The temperature was then raised at the 
rate of 10° per minute to a point at or below the beginning of 
deformation. This point could not be kept uniform because the 
temperature of deformation could not be closely predicted and 
there was not time for preliminary tests. From this point, the 
rate was maintained at 4° per minute to the end of the test. 
That this rate gave consistent results in nearly all cases is shown 
by the check results obtained in the orthoclase-calcite series. At 


4 Ref, 48e. 
Ref. 48d. 
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this rate, Orton cone 9 went down at 1340° (nominal tempera- 
ture 1280°) and cone Io at 1357° (nominal temperature 1300°). 

The deformation temperature was taken as that temperature 
at which the cone bent and the top touched the upper surface 
of the pat or at which it fused to a ball. | 


ORTHOCLASE-CALCITE SYSTEM 


Properties of Components. The microcline employed, 
when prepared for use, had the following composition :— 





PERCENT COMPOSITION MINERAL COMPOSITION CALCULATED 
percent percent 
SIO, BigP ee Reel es 66.06* “Orthoelase.: 222 2s ae 7240 
OOS BODEN Be 1700! Abie reer oes ee ee 19.00 
ISO e eats Se 1273480 Cortndunti 2 Ae ai 38. 
NagOv users: ee 2.2 aeOuariZe se Uae eee 4.92 
He, © jc strikes See 00 
iG Seater ey ise se oO 99.18 
Loss om Ignition. .%.. .. {25 





99 .83 


Ceramic formula: 


.7843 K,O 


2157 Na,O \ Pati FAL OF Ors ai Sis 


Mol. Weight 595. 


The mineral composition is calculated according to the 
method of Cross.”* 

Determinations of the temperature range of melting of 
potash feldspars are given by Doelter™* the average temperature 
of beginning of melting being 1170°, of complete melting 1205°, 
melting interval 35°. Potash feldspars deform with Seger cones 
8 to 10, depending upon the amounts of albite, anorthite, alumina, 
quartz, etc., which they contain. 

The deformation point of the orthoclase used in this in- 
vestigation was the same as that of Seger cone 9, the rate of heat- 


°3 Ref, 48, p. 186. 
*% Ref, 48a. 
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ing being 4° per minute and the temperature 1338°. Orthoclase 
exists in only one crystalline form and is stable at all tempera- 
tures. A very complete study of orthoclase and its properties 
is given by Doelter.*® 


The calcite employed had the following analysis when pre- 
pared for use: 








PERCENT COMPOSITION MINERAL COMPOSITION CALCULATED 
percent percent 
Oe Saipers it 4 er OO CONGILE: Loo 7! 8 at Bessy) os. ois 98.0 
Ih! LDA OE Neary Aire, & ewe Bees SVIaeResitet.. 5 Sea... 2.0 
SKS, OL 3 Tage, Capen © Seaneiea ORO 1 URGES totais eee vis 0.7 
Al,O, 
Bb elecsncien es =< 
LCA YOL ao et eae eee 18 
iO) Ree an ee ti ae oO 
GOz-calcdlated eine F vee. 43.10 
99.97 


Ceramic formula 


407224 Ca® . 
.0250 MgO .002 aie 1 are 0 
.0029 Na,O “N's Oh le ee 


The melting point ‘of CaO has been determined by Kanolt 
as 2570°.7 CaO fuses to a clear liquid of low viscosity which 
crystallizes readily into a well developed cubic habit in the 
isometric system. Lime being itself quite liquid when melted, 
tends to cause sudden liquefaction in a mixture in which it is 
present in sufficient amount. 

Results. The results for this system are shown in Fig. 
5 and in Table I. The deformation point curve has two maximum 
points and three minimum points. The lag in the curve from 8 
percent to 12 percent will be neglected since the components are 
not sufficiently pure to allow of a satisfactory explanation. 


2 Ref. 48a, II-9-1915. 
Sei .<4G,) (pes o- 
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Since the system is poly-component and microscopic exam- 
inations were not made, an attempted explanation of results con- 
sists necessarily of a statement of possibilities. If the components 
were pure, the maximum between 25 percent and 30 percent 
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calcite would correspond closely to the formula 2CaO.Or?" (26.4 
percent calcite). The calculated mineral composition is: 2CaQO, 
0.75 Or, 0.21 Ab, 0.1 corundum, 0.5 quartz. It is doubtful 
whether such compounds as 2CaO.Or or 2CaO.Ab would form 


27 Or = orthoclase, Ab = albite. 
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since no natural compounds are known containing CaO and Or 
or Ab in the same molecule in these ratios. 

If the maximum point does not represent the formation of a 
predominating compound it may be due to other reactions in the 
system. 


Purdy’ says, 


“There is no reason to believe that feldspar is affected chemically 
even in completely fused Bristol glaze mixtures unless there is not suf- 
ficient silica present to satisfy the calcium and zinc oxides, and further, 
that if the feldspar should be so affected it would. be converted into 
leucite (K20 AlO; 4Si0O2) the pyro-properties of which are so like 
those of the orthoclase feldspar as to make but little difference in the 
behavior of the resultant fusion.” 


Calculations show that in mixtures from 0 to 25 percent cal- 
cite, the CaO is sufficiently satisfied with the excess Al,O, and 
SiO, in the orthoclase so that little or no decomposition of feld- 
spar would take place; while beyond 25 percent calcite, the CaO 
is not thus satisfied and probably does attack the orthoclase. 

There is little doubt as to decomposition of alkali feldspars 
occurring in the presence of sufficient lime at high temperatures. - 
Chemists claim that the feldspar in limestone is decomposed by 
the lime on heating over a Bunsen burner, and use this method 
of decomposition in limestone analysis. Doelter?® describes a 
number of processes in which lime is used alone or in mixtures 
added to feldspar for the purpose of decomposing the latter into 
alkali, calcium aluminium silicates, calcium silicates, etc. The 
various processes had in view the use of the products as fertilizer 
and as Portland cement. At the temperatures used in the present 
investigation, 1150° to 1475° decomposition of the alkali feldspars 
very probably occurs. The extent of this decomposition and the 
compounds formed could have been determined only by chemical 
and microscopic examinations. These were beyond the scope of 
the present work. 

That part of the curve between o and 25 percent calcite may 
be explained as follows: The orthoclase-albite mixture is con- 
sidered unacted upon chemically within this range of composition. 


*8 Ref. 24, p. 96-97. 
29 Ref. 48a, II-9, p. 569. 


FUSION STUDY OF MINERAL SYSTEMS 597 


The remainder of the mixture is composed of Al,O,, SiO, and 
CaO. If the percentages of these oxides are calculated in a num- 
ber of mixtures the following results are obtained. 





PERCENT OXIDE MIXTURE 














MIXTURE DEFOR. ‘ OF MELTING 20 MELTING POINT 
Oo NARY 
Cacia Peete (S105 Al.O;7Ca0 hei pUTECTIC 
| | | | 
2 1295° 128 C2223 254 F438 Hip ePaeing. 221165" 
3 1261 8.2 Die gale Oy (-20'.4 1270. -|-Point- 2—1165 
8 1318 Ties Darts acon. |) 1400 41. Point 61310 
25 | 13858 19.1 19:33 PS 13.4 | 2000 | Pomt: 17 — 1470 
| 


As soon as the ternary eutectic in any of these mixtures melts 
it will tend to cause the cone to deform. The 32 percent calcite 
orthoclase mixture contains the oxides Si0,, Al,O,, and CaO in 
a lower melting proportion than any other of the above mixtures. 
Hanna* found the mixture of Rankin and Wright’s eutectic 
point 2 to deform at cone 5-1/3, about 1200°, or 35° above its 
‘melting point. Our 3 percent mixture deformed at 1261°, corre- 
sponding to 1210° if rate of heating were 2° per minute. The 
shape of the deformation point curve from oO to 25 percent calcite 
is due then to the addition to the orthoclase used, of mixtures of 
greater or less degrees of fusibility. Since most of the com- 
mercial orthoclases contain excess Al,O, and SiO,, they would 
probably give a eutectic with calcite at low percentages of the 
latter as well as near 50 percent. 


It may be thought that the decrease in deformation point up 
to 3 percent calcite is not due to the reaction between Al,O,, SiO, 
and CaO but is the natural eutectic between orthoclase and cal- 
cite. Consideration of the behavior of lime-silica mixtures shows 
that this is improbable. Silica and the alkali feldspars, near their 
melting points, possess about the same degree of viscosity, and the 
action of lime in small amounts should be similar in both cases. 
The lime-silica deformation point curve (Fig. 1) slopes gradually 
from SiO, to 20 percent CaO (35.7 percent calcite), the deforma- 
tion point lowering being 90°, while in our orthoclase-calcite 


30 Ref. 46. 
2 Ref. 39, p. 683. 
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system a lowering of 77° was obtained with 1.68 percent CaO 
(3 percent calcite). In view of these facts it seems improbable 
that the 3 percent eutectic is the real eutectic between orthoclase 
and calcite. 

Beyond 25 percent calcite, the CaO is not satisfied with free 
Al,O, and SiO, and decomposition of feldspar probably takes 
place. Possible reactions are as follows: 


1. KAISi,0O, + CaO »KAISi,0, + CaSi0,. 
(orthoclase ) (leucite) 
2K Al1S1,0, + 3CaO »2KAISi1,0, + Ca;Si,O,. 
KAISi,O, + 2CaO »KAISi,O, + Ca,SiO,. 
KAISi,0O, + 3CaO »KAISi,0O, + Ca,Si0O,. 
KAISi,O, + CaO »KAISi0O, + CaSiO,. 
(leucite) (potash nephelite) 
2KAI1Si,O, + 3CaO »2KAISi0O, + Ca,Si,O,. 

. KAIS1,0, + 2CaO »KAISi0O, + Ca,SiO,. 
KA1Si,0O, + 3CaO »KAISi0, + Ca,Si0,. 
KAISiO, + CaO »KAIO, + CaSi0O,, ete. 
NaAlSi,O, + 2CaO »NaAI1SiO, + 2CaSiO,, etc. 

(nephelite ) 
TI. Reactions between the above products. 


aie eee 


SO OND 


et 


Some of these reactions may be ionic, causing the system to 
be still more complicated. 

The lowering in deformation point from 25 percent to 50 
percent calcite would then be due to eutectics in systems con- 
taining varying amounts of orthoclase, leucite, albite, nephelite, 
calcium silicates and other compounds. Also, the heat of 
formation of these silicates might aid in causing lower deforma- 
tion points. Beyond 50 percent, formation of the orthosilicate 
and finally excess of free lime would cause the curve to rise 
abruptly. The cones containing 65 percent and 70 percent 
calcite dusted immediately on cooling, indicating the probable 
presence of the orthosilicate. The dusting could hardly have 
been due to hydration of CaO since this is a very slow process 
for lime calcined to such high temperaturees (1420°-1440°). 

If the components had been pure, it is probable that de- 
composition of felspar would have begun with low percentages 
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of calcite causing the deformation point curve to slope gradually 
to the 50 percent eutectic. 

The above interpretation seems to fit the observed phenomena 
fairly well. However, the system should be discussed with 
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another possibility in mind, namely, that decomposition of feld- 
spar does not occur and that the 50 percent eutectic is a natural 
eutectic between orthoclase, albite and CaO. 

The system orthoclase-albite is an isomorphous eutectic 
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series. This has been determined by the examination of natural 
minerals which were formed under conditions that cannot be 
duplicated in the laboratory. In the heating of ceramic mixtures, 
the alkali feldspars are always obtained in the glassy condition, 
but a knowledge of the nature of the crystallization or melting 
point curves for such systems aids in understanding the be- 
havior of these minerals in ceramic bodies. 


Vogt*? assigns the above system to Roozeboom’s** type V 
as shown in Fig. 6. Doelter®** and “Dittler®® think that the 
mixed crystal gap CD is very small as shown in Fig. 7 or en- 
tirely absent as in Fig. 7A. The melting point curve for this 
system, determined by Dittler using the heat-microscope*® is 
shown in Fig. 8. The determinations were made upon the 
natural minerals, using a rate of heating of 5° per minute from 
20° to 1000° and 214° per minute above 1000°. He concludes 
that orthoclase and albite have nearly the same melting tempera- 
tures. In Fig. 9, Watts’ data on this system has been plotted 
from his Fig. 1.87 His deformation eutectic range corresponds 
to the melting point eutectic found by Dittler. 


When calcite in amounts above 30 percent is added to the 
orthoclase used in this investigation, the mixtures consist, © 
mainly (assuming no decomposition) of orthoclase, albite 
and calcite, a ternary system with small amounts of inert SiO,, 
Al,O, and MgO. The systems CaO-Or. and CaO-Ab. would 
probably be systems of the simple type shown in Fig. 4. Hence 
the ternary melting point diagram would be of the form shown 
in Fig. 10. Discussions of the probable nature of such systems 
are given by Vogt?® and by Bowen.?® The deformation point 
diagram, using pure components would resemble the melting 
point diagram. Mixtures in our orthoclase-calcite system would 
be represented by points on the line M-CaO, neglecting im- 
purities, and our 50 percent eutectic would be located at some 

32’ Ref. 48a, 1-5, p. 782. 

33 Ref. 48a, 1-5, p. 772. 

% Ref. 48a, 11-9, p. 482. 


35 Ref, 48g. 
8 Ref, 48a, I-5, p. 646. 
37 Ref, 29, p. 153. 
88 Ref, J8f, p. 523. 
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point within the triangle as O. Beyond this, increase in CaO 
would cause a rapid rise in deformation temperatures. 

The only effect of the albite content of the orthoclase would 
be to lower the deformation point of the 50 percent calcite mix- 
ture perhaps 20°, hence, practically the system might be treated 
as binary with the components, calcite: Or. + Ab, in the same 
manner as Vogt*® treats the system Or.: Ab-+ An. 
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The above explanation, in which no decomposition of feld- 
spar is assumed, does not seem to afford as satisfactory an 
interpretation of the observed phenomena as does the previous 
one, assuming decomposition. 

Seger*? attempted to determine a eutectic between feldspar 
and calcite. He used only three mixtures: 
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OriaCaGO- ecw cee L5.2epercent-CaC@e 
Orn 2elacGO. Aintree 2004-percent CaCO? 
Or36a@ Gon tahoe ee 35.0 percent CaCO,, 


and found them to be no less fusible than feldspar. Examina- 
tion of the curve, Fig. 5, shows that Seger missed the eutectic 
mixtures and that the feldspar he used was probably more pure 
than that used in this investigation. 

The 3 percent eutectic checks that obtained by Bleininger.*? 
His materials are compared with those used in this investiga- 
tion as follows: BETS 


Our Bleininger’s 
Orthoclase Feldspar 
Ciena aks sa epclee ieee 73.40 64.60 
PUD ants itr he oe ree 19.00 14.50 
EAT es atthe atch Sain ena arene 4.50 - 
Conmind itt aes st eee 1.86 1.52 
Otartz ee eee 4.92 14.90 
MeO St@) recat ec eie 04 
Our Bleininger’s 
Calcite Calcite 
CaCO yg nee cencetecontee ae 98.0 94.0 
Fa SO as Seer a8 i 3.5 
Ble nie cae: cache meee ie 0.7 1.6 
iN Ws 6 @ pearis aeites oapn ee ey 2.0 


It is seen that the impurities in the mixtures used by Blein- . 
inger would give Al,O,-SiO,-CaO proportions similar to those in 
our mixtures, hence his curve should be similar to that of Fig. 5. 


The minimum point at 30 percent calcite has the following 
ceramic formula: 


.661 K,O 

git oeae AO 
180 CHOMP OOS7IBLOs I SACO 
.0036 MgO | 


40 Ref. J8f. 
I Rp ae Devon: 
= Ref. 11, p: 268. 
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that at 50 percent, 


ite) 

.034 Na,O | 
831 CaO r 0.161 Al,O, 0.962 SiO, 
.0214 MgO J 


The appearance of the cones in this series indicated increased 
surface tension from 17 percent to 60 percent calcite causing 
balling-up, while other mixtures deformed normally. The 
softening intervals do not change consistently with the de- 
formation temperatures, indicating that the magnitude of the 
interval is governed by several factors. All cones which went 
down were glossy in appearance. 

Applications of Results. Eutectic mixtures of ceramic 
materials have been used for various purposes. The best 
porcelain and Bristol type glazes lie in eutectic areas. This is 
shown by Stull for porcelain glazes*® and Watts for Bristol 
glazes.** Seger used what he supposed to be the most fusible 
mixture of feldspar, whiting, clay and flint as starting point for 
his cone series, that is, cone 4. Hanna*> found a mixture of 
these substances which deformed at cone 234. 


The eutectic between feldspar and talc has been used by 
the Bureau of Standards*® as a flux to increase the strength of 
porcelain bodies. 

Several investigations have been conducted to determine 
the effect of replacing feldspar by CaCO, in ceramic bodies. 
Ashley‘? states that whiting added to an earthenware body in 
amounts not to exceed 3 percent, increased shrinkage, de- 
creased porosity, increased translucency and very decidedly 


CaCO, 
raised the strength (rattler test). The ratios ——————_—_——— 
| CaCO,-+ Feldspar 


were 1.6 percent, 4.7 percent, 11 percent, and 27.3: percent. 


“@ Ref. 87. 


604 FUSION STUDY OF MINERAL SYSTEMS 


Watts*® found that in general, porcelain bodies containing 
whiting and feldspar in the proportion 4.3 percent whiting gave 
greater tensile strength than those containing more whiting. 

It is possible that our eutectic mixtures containing 3 per- 
cent and 50 percent calcite may be added to bodies as fluxes, 
since they would tend to start vitrification earlier and give 
greater maturing ranges. 


ORTHOCLASE-MAGNESITE SYSTEM 


Properties of Components. The orthoclase was the same 
as that used in the previous series. 
The magnesite used had the following composition: 








PERCENT COMPOSITION MINERAL COMPOSITION 
percent percent 
Sie 2 ahs ee late .00, yWEavileciteanc <a ae 95-5 
Be. 6 Galcite. «ine bianec peree 08 2 om 
Al,O, ee eae 272 AL Ose ok aaa 54 
71 6 Wee a ecetee) ehetn bow. 150. od COs eer eae at 
pA Bog @ ee eget Se ek lg: i > ADT 7.Oy tN de COas tere .65 
KG trite ee Ream ae ie #20 
ENA O Maratea tee tee ke oe) d. .66 - 99.82 
C8 FOE ong ioe etd SOs 
100.20 


Ceramic formula. 


966 MgO 
was C8 | onic tia 
.0088 Na,O 


The melting point of MgO has been determined by Kanolt* 
as 2850°. Crystals of the oxide from pure melt in the electric 
arc or from mixtures with MgCl, and SiO, are octahedral in habit 
with occasional cube faces, and are isotropic. 

Results. The results for this system are shown in Table 
II. The deformation point curve, Fig 11, contains one minimum 


Sey, 1s, 
4° Ref. 48b. 
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point and no maximum points. The eutectic at 3% percent 
magnesite lies at a temperature 10° higher than the 3 percent 
eutectic in the orthoclase calcite system. This indicates that that 
portion of the mixtures composed of the ternary system MgO- 
SiO,-Al,O, has almost as much effect on the deformation points 
as the CaO-SiO,-Al,O, mixtures.- If no impurities were present, 
it is doubtful if there would be a deformation eutectic between 
orthoclase and magnesite. 

If the eutectic in the orthoclase-calcite system at 50 percent 
calcite (36 percent CaO) were a natural eutectic, there should 
_ be a similar eutectic in the orthoclase-magnesite system, since 
MgO in most systems tends to produce the same effect as CaO 
but to less degree. It would then appear that calcite was able 
to decompose the feldspar while magnesite was not. 




















TABLE II. ORTHOCLASE-MAGNESITE SYSTEM 
RATE REDUCED EFORMAT DEF ATION OFTENING 
Ree TO ples MIN. e BEGAN i ENDED ; 3 Neon 
| | | 
0 SA | ae 1338 | 39 
it 1252 1278 1303 | 25 
2 1252 1261 1288 | 27 
3 | 1185 1232 | 1272 | 40 
3.9 1185 1232 1271 | 39 
4 1185 | 1232 | 1272 | 40 
5 1185 1232 1296 | 64 
10 1185 | 1315 | 1330 | 15 
15 | 1252 | 1345 1353 | 8 
20 | 1252 | 1345 | 1361 | 16 
25 1303 | 1361 1374 | 13 
30 | 1303 | 1361 | 1390 29 
30 1303 1394 1422 | 28 
40 | 1303 | 1411 | 1452 | 4] 
45 1303 1435 | ‘ | = 
50 1303 | 1450 | ‘J - 
55 1303 | oe bs ‘i 
65 | 1303 | | i | . 


| 


* Too high for furnace. 


The ceramic formula of the 3% percent eutectic mixture is 
as follows: 
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#625 KO 
.174 Na,O 
.196 MgO 
.005 CaO 


\ .886 ALO, 5.23 SiO, 


All cones in this series deformed normally, indicating less 
surface tension than in the orthoclase-calcite system. All which 
went down were glossy in appearance. No previous work on 
this system is recorded. 

Applications of Results. What has been said in this 
connection in regard to the orthoclase-calcite system applies here. 
MgO is used to some extent to replace feldspar in bodies. In 
small amounts it increases toughness and strength and improves 
color. In Germany, it is used in electrical porcelains where 
exact shapes are required. MgO is used toa SEUSS extent 
in n glazes, replacing CaO. and other oxides. 


ALBITE-CALCITE SYSTEM 
_ Properties of Components. The albite used had the fol- 
lowing composition :— | 








PERCENT COMPOSITION MINERAL COMPOSITION 
percent percent 
DIOS Bi es Sie a oe 6600 SaaIDILG is eter ee . 60.60 
PAA, Osea Ne oe aren oe 22 - Odece\ 1theclasesn.. eee 5.92 
CaQ) Bete aes 2 OSh CANO DIL: pain ta pee 14.78 
LN Bea © ie Naan meas ae Tears 0: 7A ses Hnstaite aaa cs see 1533 
SCAG BE: pmmeet ye 1h sea bra 1.007 Cornnduimyaee yess sm 2.70 
N25 ne ak ak es een 7 Vda pOUATEl 1. cog ate 13.23 

Loss on ignition .54.... 0.26 | 
100.15 

100.16 


Céramie tots.) «5 we. = 


.584 Na,O EbaiH 
wee K,O | t.10 Al,O; 5.58 SiO, 


.270 CaO Mol. weight...... coz 
.093 MgO 
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The albite was furnished as a pure mineral but the analysis 
shows it to be very impure. 


Albite under heat treatment acts very much like orthoclase. 
Doelter®® gives the melting range of Schmirn albite as 1135° 


TRANS, Ut CER. SOC. VOL. XVU TABLE LT ORK PATRICK 
ALEITE -CALC/TE SYSTEM 

4ré reducéd | Délorrid-\ Derorrma- EE MODEM UA 

70 42 %06r Hn for tga ror ¢ra-\ 17ttvl) \ 7 7G, 

Ek SehSd DOWGCF | C0 CEG Degrees | TA“ 7IOM 

COUN 0G \ Cclhtigradk| certiiraa\ cénligrade Jerpourasive 


























TEA 1B 


biabe 


jiaviatalill 


Nina 





to 1215°. Bowen*! determined the melting point of pure albite 
tO: Dera TOO; = 10% 

Commercial albites deform with Seger cones 5 to 7. The 
albite used in this series deformed in the interval from 1234° to 
1262° with Seger cone 6 (rate of heating 4° per minute). 


5° Ref. 48a, I-5, p. 656. 
51 Ref. 75, p. 582. 
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The calcite used was the same as that in the orthoclase- 
calcite system. 

Results. The results for this system are shown in Table 
III and in Fig. 12. The deformation point curve possesses a long 
eutectic range with the lowest point at 1157° and 25 percent 
calcite. The system has a high anorthite and free quartz content 
and hence differs considerably from the orthoclase-calcite system. 
Up to about 40 percent calcite, the lime is satisfied with silica and 
alumina, forming probably calcium aluminium silicates and cal- 
cium silicates. These would cause lowering of deformation points 
by eutectic formation. Beyond 40 percent it is probable that de- 
composition of albite and orthoclase takes place with the forma- 
tion of nephelite, leucite and calcium silicates. Beyond 55 percent 
the amount of orthosilicate and CaO present in the mixtures 
becomes great enough to cause the curve to rise abruptly. The 
cones containing 65 percent and 7o percent calcite dusted quickly 
on cooling indicating the probable presence of calcium orthosili- 
cate. 

The.ceramic Tormatula ter the 25 jpercent eutectic 1s as 
follows: 


-1785 Na,O )\ 
eee GO ae . 
-61752Ca0 r e251 e101 6070 SiO), 


0418 MgO } 


Its deformation temperature was 1157° at rate of heating 
4° per minute which corresponds to about I110° at a rate of 2° 
per minute, or cone o1; this is a more fusible mixture than that 
obtained by Hanna.*? | 

All the cones in the eutectic range balled up more or less, 
indicating high surface tension. Cones from albite to 30 percent 
calcite, inclusive, were glossy, those from 35 percent to 50 per- 
cent had a mat texture, the remainder were stony in appearance. 
The softening intervals are about of the same order as in pre- 
vious systems, except that cones of from 45 percent to 70 per- 
cent calcite possessed very short intervals, 4° to 9° or I to 2 
minutes. 


52 Ref. 39, p. 688. 
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Application of Results. Albite is used to some extent in 
porcelains. Radcliffe’? found that albite gave better electrical 
porcelains than did orthoclase. Watts®** found that albite porce- 
lain gave a dead ring on striking, while orthoclase porcelain 
gave a clear ring; but both porcelains stood quenching tests and 
high voltage tests equally well. He found also*® that albite gave 
to the porcelain matrix a remarkable dissolving power, causing 
a higher stage of solution at cone 1o than does orthoclase at 
cone 12. Some of the differences in properties of the two felds- 
pars may be due to the nature of the impurities. Both always 
contain excess Al,O, and SiO, while albite generally contains 
more anorthite than does orthoclase. 

By adding lime to an albite of composition approaching that 
which we used, a mixture could be obtained which would begin 
softening action in a body 100° lower than would albite alone. 

No previous work on this system is recorded. 


ALBITE-MAGNESITE SYSTEM 


Properties of Components. The albite and magnesite were 
the same as those used in the previous series. 

Results. The results for this system are shown in Table 
IV. The deformation point curve, Fig. 13, possesses a eutectic 
range from 5 percent to 20 percent magnesite. This is a shorter 
range and at a higher temperature than in the albite-calcite sys- 
tem, Fig. 12. It is a longer range at a higher temperature than 
in the orthoclase-magnesite system, Fig. 11. Reactions causing 
the eutectic are similar to those occurring in the albite-calcite 
system, but the magnesium compounds are less active. 

The formula of the 15 percent eutectic is as follows: 


.2238 Na,O \ 
2OZ2Nhe® : 
mss a2 KS) CaO | 4385 re WASP 7 Si@), 
4605 MgO J 
9995 

53 Ref. 26. 

Rey, 10. 


55 Ref. 16, p. 198. 
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This has a deformation point of cone 1%, rate of heating 2° 
per minute. 

The cones deformed normally and all were glossy in ap- 
pearance. 

As in the previous systems, the albite-magnesite eutectic mix- 
tures could be added to other bodies as fluxes. 


TABLE IV. ALBITE-MAGNESITE SYSTEM 














PERCEN et oe REDUCED DEFORMATION DEFORMATION NING 
MAGN eas gC filter MIN. sie ae a pe ete 
| | 
0 the Bees 1262 | 98 
5 | 1125 1176 1193 | 17 
10 | 1125 | 1168 1185 | 17 
15 | 1125 1168 1185 | 17 
20) 1125 | 1168 1186 | 18 
O55 1125 | 1185 1205 | 20 
30 | 1125 | 1210 | 1234 | 94 
35 | 1252 1261 1283 | 99 
40 1252 | 1286 | 1315 99 
45 1294 1320 | 1351 | 31 
50 1294 | 1345 | 1385 | 40 
55 1378 1394 1431 | 37 
60 1378 | 1460 | x | * 
| | | 
eS Cilllaatl Pomel tel dia 
SUMMARY 


Deformation point-temperature curves have been determined 
for the following mineral systems, the components being some- 
what impure: 


Orthoclase-calcite, 
Orthoclase-magnesite, 
Albite-calcite, 

4. Albite-magnesite. 


ea 


System I possesses one well defined deformation point max- 
imum at 2714 percent calcite and two well defined deformation 
point eutectics at 3 percent and 50 percent. There is probably 
no predominating compound formed in the series, which as has 
been shown is poly-component. The nature of the deformation 
point curve is probably due to the formation of several compounds 
and to the presence of eutectics between several components. 
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System 2 has one deformation point eutectic at 3 percent 
magnesite, beyond which point the curve rises rapidly with in- 
crease of magnesite. . | 

System 3: The albite used in this system was quite impure 
making the series poly-component. It possesses a long eutectic 
range at from Io percent to 55 percent calcite, beyond which the 
curve rises rapidly with increasing calcite. 

System 4 resembles system 3 in having a long eutectic range 
at from 5 percent to 20 percent, the action of magnesite being 
less than that of calcite. 

The two lowest fusing mixtures obtained were as follows: 

Albite-calcite system, 25 percent calcite. 


1785 Na,O ) 

162645 O ; 
ao ioxe r 3et ALO} air06 7 10), 
0418 MgO | 


Deformation point cone o1 calculated for a rate of 2° per 
min. | 
Albite-magnesite system, 15 percent magnesite. 
.2238 Na,O )\ 
BO23 EO. 
epee r ASOSAeO, I2eET 1), 
.4605 MgO J 


Deformation point cone 1% calculated for a rate of 2° per 
agitate aa 

The softening intervals of the mixtures, in general, bear no 
relation to compositions, or to deformation temperature, indi- 
cating that the viscosity range is governed by several factors. — 

The results tend to show that orthoclase and albite are de- 
composed by CaO, but are not decomposed by MgO. 

An attempt has been made to explain the behavior of the va- 
rious systems by means of the calculated mineral analyses of the 
components and of the known laws of eutectic formation. 

The fact has been emphasized that in the determination of 
the deformation points of ceramic mixtures, especially of systems 
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containing commercial feldspar (which are known to be poly- 
component), conclusions as to the causes of the observed 
phenomena should be made, keeping always in mind the actual 
compositions of the components, rather than assuming that the 
impurities have little effect. 

The possible applications of the results are as follows: 

I. The use of eutectic mixtures as fluxes in bodies and 
glazes. 


2. The interpretation of fusion phenomena in mixtures con- 
taining the minerals used. 

In conclusion, the writer wishes to acknowledge his indebted- 
ness to Prof. A. V. Bleininger and Mr. R. K. Hursh for valuable 
suggestions in connection with the work. 
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THE PRODUCTION OF CHINA FROM DOMESTIC 
MATERIALS 


BY CHARLES F. BINNS AND GEORGE BLUMENTHAL 


Following the study presented last year upon a character- 
istic of some American clays, there was undertaken in the labora- 
tories at Alfred a series of experiments which had in view the 
solution of the problem of the production of china from the 
materials natural to the United States. This refers to the body 
generally known as American china or hotel china. It has no 
reference to either English bone china or to European porce- 
lain. 

The body mixture used was that given in the Government 
report on the pottery industry as a typical china: 


LO ETRT COR a ilk Aas Ri mie ee Pa a 27 
"SASH ACs BI Fie eget ee ee a 15 
Le] SETS <2 Govier: te ae eres oe eR 36 
IEG SINT te te De ei a a OP L075 
Peet Mr Peer, a rutat ye sho yn isvtr bere. ieee 
Heavy. magnesium, carbonate,...:..... 1.0 


The kaolin was the only ingredient which was varied. The 
ball clay was Johnson Porter, No. 11. The flint and spar were 
from, tie aireka Co, ot Trenton, N. "J. 


The kaolins were as follows: 


A. English kaolin—MGR—1. 

German kaolin of unknown origin. 

Kaolin from Newark Kaolin Co., Delaware 
Kaolin from Newark Kaolin Co., Delaware. 
N. C. kaolin from Dillsboro. 

N. C. kaolin from Sant and Son. © 

Georgia clay. 

Florida clay. 


ToOmnAmAoOUe 
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Three mixtures were made up of each clay. Number 1, 
the whole mixture was blunged and lawned through 100 mesh. 
No 2, the ground material ground, blunged with the clays and 
lawned through 150 mesh. No. 3, the entire mixture was ground 
and lawned through 150 mesh. 

Trial pieces were cast, burned to cone 10 in a commercial 
kiln and glazed. The results were sufficient to show that nothing 
could be expected from mere blunging. This at first seemed 
to be very discouraging, but inquiry elicited the fact that some 
manufacturers of china were already grinding the whole batch. 
This simplified the problem immensely, and a second series of 
experiments was undertaken. Batches of 1000 grams each were 
then ground with 3.5 grams sodium silicate, 3.5 grams sodium 
carbonate and 0.2 grams cobalt sulphate, together with a suffi- 
cient quantity of distilled water to produce a casting slip of the 
correct weight, vwig.: 155 grams to 100 cc. 

Body A, English china clay MGR I. 1000 grams dry mix 
required 410 cc. distilled water to produce the proper slip. 

Body B proved so unsatisfactory that it was not repeated. 

Body C, Peach kaolin. 1000 grams required 460 cc. of 
water. 

Body D, Newark kaolin. 1000 grams required 550 cc. of 
water. 

Body E, Dillsboro, N. C. kaolin. 1000 grams required 560 
cc. water. 

Body F was not repeated as the mixture could not be vitrified. 

Body G, Georgia clay. 1000 grams required 660 cc. of 
water. 

Body H, Florida clay. 1000 grams required 740 cc. of 
water. Pugin 

Other bodies were then made, using more than one kaolin, 
the total being the same as when the single kaolins were used. 

Body N, equal parts of Newark and Dillsboro clays. 1000 
grams required 775 cc. of water. 

Body O, equal parts. of Florida clay and Dillsboro kaolin. 
1000 grams required 675 cc. of water. 

Body P, equal parts of Georgia clay and Dillsboro kaolin. 
1000 grams required 600 cc. of water. 
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The cast cups were burned in two batches in a commercial 
kiln, one burn at cone 9 and the other at cone 10. All were then 
glazed with a regular china glaze. 

Body A made from English china clay MGR I was used as 
the criterion. 

Bodies C, D, G, N, P, were all more or less dirty in trans- 
lucency, though there was not much to choose between them in 
color when viewed by reflected light. 

Bodies A, E, H, O, were a good white and clear in trans- 
lucency. For all purposes body O proved the best, as H did not 
cast well. Body E, made from N. C. kaolin is quite equal to 
A in appearance, and the addition of Florida clay as in O rather 
improves the plasticity of the body without destroying the color. 
Shrinkage measurements were not made, but it may be noted 
that all the bodies from domestic materials required more water 
to produce a casting slip than that required by the body made 
from English kaolin. From these experiments it would appear, 
that from exclusively domestic materials, it is possible to produce 
chinas, which in appearance are quite equal to those manufac- 
tured from imported kaolin. 

It will be noted from an inspection of the samples that there 
is a marked difference in color between the bodies burned at 
cone 9 and those burned at cone 10. This difference is more 
marked in reflected than in transmitted light. This fact seems 
. to show that cone 10 is about the minimum temperature at which 
a successful china can be made. \ 


CRAZING TEST FOR WALL TILES 


BY FORREST K. PENCE 


The problem of glaze fit is always a vital one to those who 
engage in the manufacture of glazed ceramic product. Any 
method whereby assurance may be obtained at any time as to 
the satisfactory relation between glaze and body is of distinct 
service. 

Of course this quality of glaze fit may be ascertained by 
subjecting the ware to the conditions of its commercial use and 
noting the results over a corresponding period of time. But 
such delay is unsatisfactory since the information is frequently 
desired previous to some change in formula that may be neces- 
sary or in detecting effect of unexpected variation in raw mate- 
rials. 

There has also developed in the field of competition, the 
practice on the part of some manufacturers of guaranteeing 
their product, particularly white bright glazed wall tiles, against 
the development of crazing. Such a guarantee usually provides 
that if crazing develops within one year, the manufacturer shall 
replace the tiles with others of satisfactory quality and shall 
also bear the incidental expenses. Such a provision is open to 
. abuse by reason of the abnormal or unreasonable conditions that 
may obtain in the placing of the tiles. The tiles may be made 
to fail through undue strain, defective setting, etc. } 

Under this guarantee, claims may also be presented which 
the manufacturer feels obliged to settle rather than hazard the 
expense of an investigation and the possibility of offending a 
customer. 


On the other hand it would certainly be more satisfactory 
to the customer as well as to the final owner, to be able to have 
the tiles accepted or rejected on their merits, before they should 
be placed in the job. Therefore a standard test, that may be 
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applied in a short time and that will show whether or not the 
tiles will craze when placed in a wall under normal conditions, 
would be a far more satisfactory basis for a guarantee than that 
of the present practice. 

Various methods have been used and proposed for determin- 
ing the tendency of glazed ware toward crazing. Among these 
are the boiling water to ice water test,’ the crystallization action 
of certain salts, as common. salt,? sodium thiosulphate,’ etc., 
the heating of ware to definite temperature and quenching in 
water,* etc. The application of some of these tests, especially 
the last, to wall tiles is known to be practiced. 

Since tiles are brought so intimately into contact with the 
cement mortar in which they are set, we would expect the action 
of the cement to be an important factor in addition to the in- 
fluence of temperature change. We have noted tiles slabbed in 
cement to craze within a few days, while free tiles from the same 
lot were not crazed after a number of months, although the tem- 
perature treatment of all the tiles had been the same. 

As a working basis for this investigation, tiles 6 in. by 3 in. 

straights and 3 in. by 3 in. combination angles which were sold 
as first quality product of the representative tile manufacturers 
of this country were secured. Of the tiles, from each manu- 
facturer, 15 straights and 6 combination angles were placed in 
a slab of cement mixture, one part of sand to one of Portland 
cement. The slabs were 1% in. thick and approximately square. 
Cull tiles were set in the back of the slab to equalize the strain 
developed in the setting. 
_ The remainder from each lot of tiles were held for use in 
making the rapid tests, slabs and free tiles being kept in a room 
where temperature changes were slight. Before setting forth 
the results of these various tests, the action of the tiles in the 
cement slabs will be given. 

In determining the presence or absence of crazing in a tile 
it is sometimes necessary to apply a thin coating of colored fluid, 
as ink,-when upon wiping the piece the color will remain in the 

1Stover, Trans. Amer. Cer. Soc., Vol. XI, p. 89. 

2 Ashley, Trans. Amer. Cer. Soc., Vol. IX p. 61. 


8 Cobb, Trans. Amer. Cer. Soc., Vol. XI, p. 65. 
4Harkort, Trans. Amer. Cer. Soc., Vol. XV, p. 368. 
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craze mark. Marks that are only scratches show no color and 
are thus not taken into account. 

The observations on straights and combination angles are 
given separately as a difference in the pressing of these tiles 
usually affects the results. 

Observations given were made 14 months after tiles were 
placed in the slab. 

The results are shown in the Fig. 2, in which the letters A, 
B, C, etc. indicate the various makes of tiles and the squares 
opposite a given letter representing the individual tiles of that 
make and showing their action in the slab. | 

Crazing ‘badly’, in which distance between craze marks 
averages approximately one quarter inch or less, is indicated by 
Fig. fa. 

Crazing ‘moderately’, in which distance between craze marks 
ranges between half inch and inch, is indicated by Fig. rb. 


TRAN (lit CEA G00 Vol. XVIL) FGA. FENCE 


fe 1) 0 


Crazing ‘slightly’, in which in some instances only one mark 
was found, is indicated by Fig. Ic. 

‘No crazing’ is indicated by Fig. 1d. 

Thus of tiles ‘J’, six straights crazed badly, three mod- 
erately, one slightly, and five stood. 

For convenience in making comparisons, the various makes 
of tile have been arranged and lettered in the order of the tend- 
ency of the straight tiles to craze in the slab. | 

In general, the straights were used in applying the various 
rapid tests. Where angles were used, they will be so designated. 
Since fewer angles were available for testing than straights, and 
because greater variation may also be expected in the former, 
the straights are the chief basis of the investigation. 

For the rapid tests tiles were taken at random from the va- 
rious lots and results noted in comparison with those of Fig. 2. 
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Crystallization tests were applied beginning with commercial 
sodium chloride (common salt). 

The tiles were soaked 24 hours in concentrated solution of 
common salt, and dried at about 30° C. No crazing developed. 
The same tiles were then boiled one-half hour in the concen- 
trated salt solution and dried at 105° C. This process was re- 
peated four times with no development of crazing. Finally the 
eight hour boiling test as described by Ashley was applied, only 
in this case the glaze was not chipped as the porosity of the tile 
body permitted it to be freely permeated without this. The chip- 
ping process is also objectionable in that it could scarcely be 
possible to standardize it. Observation of the tiles after eight 
hours of boiling showed that ‘J’ was crazed moderately. After 
drying at 105° C., ‘J’ was crazed badly, ‘I’ and ‘K’ were crazed 
moderately. No other crazing developed. 

While this test develops some crazing, it does not appear 
as severe as the cement treatment. The crazing is comparatively 
slight, considering the number of treatments to which the tiles 
were subjected. 

Another crystallization test was applied in the use of sodium 
thiosulphate, which has been similarly used by Cobb. When 
gentle heat is applied to this salt it fuses or melts in its own 
water of crystallization. Tiles soaked a few minutes in this hot 
solution until solution had permeated the body as shown by 
darkening of entire face were allowed to cool at 5° C. The 
result in this case was that not only were all tiles severely 
crazed, but the body was ruptured, developing numerous cracks 
and a twisting or warping of the tile. Tiles that were soaked 
a very short time so that solution darkened the face for dis- 
tance of one quarter inch around edge, and cooled at 5° C., 
developed lines of craze marks close together in the area cor- 
responding to the distance solution had penetrated. This test is 
therefore much too severe. 

In this connection the results of a freezing test are of in- 
terest. Tiles from all lots except ‘B’ and ‘C’, the supply of these. 
last having been exhausted, were boiled in water % hour and 
allowed to soak in same water 14 hours. These were then allowed 
to freeze at 10° C. with result that ‘D’, ‘E’, and ‘F’, were crazed 
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slightly ; ‘G’ was crazed moderately, and ‘A’, ‘H’, ‘I’, ‘J’, and ‘K’, 
crazed badly. The result parallels that of the cement slab fairly 
well, with general evidence of increased severity. The result 
of freezing was in no case so severe as that obtained in the thio- 
sulphate test. 

The above crystallization tests do not appear entirely satis- 
factory as offering a rapid method of paralleling the results 
obtained in the cement slab. 

On the basis of difference in coefficient of expansion of body 
and glaze as a cause of crazing, a method whereby the tile should 
be subjected to a rapid change in temperature commends itself. 

As a first step in the application of a series of such tests, 
the boiling water to ice water test was used. The tiles were 
boiled fifteen minutes and transferred quickly to water contain- 
ing a liberal quantity of ice. At first treatment, the only crazing 
developed was one mark on tile ‘J’. Upon first repetition, craz- 
ing of ‘J’ increased to two marks, and one mark developed on 
‘K’. Repetition to five treatments developed moderate crazing 
in ‘J’ and slight crazing in ‘K’. No other crazing occurred. This 
test is therefore not sufficiently severe. 

A series of quenching tests were now made in hig the 
tiles were heated to a definite temperature and transferred quickly 
to ice water at the freezing point. The ice water is so defined 
as it was found that unless a liberal quantity of ice was used, 
the temperature of the water might be several degrees too high. 
Ice water is used to facilitate the obtaining of a standard tem- 
perature for the quenching. 

The tiles were heated in a brick muffle kiln of outside di- 
mensions 6 ft. by 6 ft. by 8 ft. The chamber was kept closed 
except for a removable brick for introduction of tiles. Tiles 
were handled by iron rod that did not come in contact with the 
face. The tiles being supported in the kiln by tracks at either 
end of the piece. It was found necessary to allow the tiles to 
remain at the desired temperature for one-half hour in order to 
insure their thorough heating. 

The results of the quenching tests applied to the straights 
are shown in Fig. 3. Same for the angles are shown in‘ Fig. 4. 
Symbols are same as in Fig. 2. 
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We find in the quenching tests a development of crazing 
that corresponds very closely to that found in the slabs. The 
variations noted are such as would be accounted for by the varia- 
tions in the tiles themselves, and are like those noted in tile slabs. 

In the adoption of a standard test, it remains to decide to 
what temperature the tiles should be heated before quenching in 
ice water. 

From a comparative study of the charts, we believe that 
heating to 163° C., offers a fair test. The temperature interval 
thus afforded corresponds to the one that Harkort found to 
denote a quality of safety in applying a similar test. 

We therefore propose the quenching test of 163° C. (325° 
F.): toLice water at 0° tovr’=€. (32° fo 44°70.) @asvimeasonaiie 
substitute for a guarantee against crazing of wall tile in a normal 
setting. 


A STUDY OF BRISTOL GLAZES COMPOUNDED ON 
THE EUTECTIC BASIS 


BY ARTHUR Ss. WATTS. 


The study of Bristol glaze compounds calculated on the 
norm basis was not thoroughly satisfactory, because of the recog- 
nized fact that these so-called norms are not the most fusible 
silicate or aluminium Silicate of that base. If the development 
of the physical properties of a glaze is due to the separation of 
certain minerals from the magma or the development of those 
minerals in that magma, then the lower the temperature at which 
we can develop a molten magma containing these minerals or 
their constituents, the lower will be the temperature at which 
this type of glaze may be utilized. 


The study by H. H. Hanna, Vol. XVII, Transactions of the 
American Ceramic Society, page 672, was conducted for the pur- 
pose of determining the most fusible mixture of K,O-CaO- 
_AI,O,-SiO, in which the K,O was introduced in feldspar, 
the CaO in whiting, the Al,O, in feldspar and kaolin, and the 
SiO, in feldspar, kaolin and free silica. As preliminary studies, 
he sought the most fusible mixture of Canadian feldspar and 
Florida kaolin and apparently found a eutectic of 92 percent 
feldspar, 8 percent kaolin. He next investigated the most fusi- 
ble mixture of Canadian feldspar and flint and found an eutec- 
tic of 96 percent feldspar, 4 percent flint. He next sought the 
most fusible CaO-Al,O,-SiO, mixture, consisting of whit- 
ing, kaolin, and quartz. This he found to be CaO-.348 A1,O,- 
2.489 SiO,. Having found these three most fusible mixtures, 
a series was laid out on the three component plan having as its 
corner members, the feldspar-quartz eutectic, the feldspar-kao- 
lin eutectic, and the CaO-Al,O,-SiO, eutectic. A study of the 
fusion behavior of this series indicated that the most fusible 
mixture consisted of 60 percent feldspar-quartz eutectic, 40 per- 
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cent CaO-Al,O,-SiO, eutectic. Introduction of the feldspar- 
kaolin eutectic tended always to harden the mixture. The most 
fusible mixture produced has a formula: 


1G INO 


acne \ a WMI Os 4884 <Si0, 


Cones of this composition deform with cone 3 or at approxi- 
mately 1190 degrees C. 

This is more easily fusible than the mixture reported by 
Seger, Vol. I, pages 224-249, Collected Writings of Seger; but 
in all these studies the use of ZnO as a flux is not considered, 
and it seemed probable that a fruitful field of research lay in 
the study of K,O-CaO-ZnO-Al,O,-SiO, mixtures from the eu- 
tectic basis. 

In the norm study the ZnO was introduced as artificial will- 
emite, but for this study the eutectic mixture of ZnO-Al,O,- 
SiO, is necessary. 

As it is important that the Al,O, throughout this study be 
introduced from kaolin or feldspar, the range of compositions 
studied was limited to those in which the ratio of Al,O, to SiO, 
was equal to or less than 1 to 2. The excess SiO,, where present, 
was introduced as ground flint. 


ZnO—AI.0;—SiO. STUDY 


Series A. This study was divided into three parts. The 
first or Series A consisted of A, B, and C made up as slips, 
dried and then blended in powder form to produce members 1 
to 25, inclusive, which were molded into cones for testing de- 
formation. Of this series the most fusible member was found 
to be No. 23, which began to deform as cone 13 started, but 
which deformed very rapidly. Member 22 is only a few degrees 
harder than No. 23, and both have fused from the points down, 
forming globules before cone 13 is half down. As Members 23 
and 22 were on the border of the series, an additional series 
was necessary. See Fig. 1. 


Series B. Series B was prepared, consisting of members 
26 to 34, inclusive. The additional members were each ground 
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separately, since the third member of this triaxial could not be 
produced without using some other alumina than that from 
kaolin. 

The firing of Series A and B together showed Member 32 
to be first to deform. It begins to deform when cone 12 just 
touches the plate, and deforms very rapidly so that it is down 
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before cone 13 is one-fourth down. Member 28 is the next to 
deform, and follows Member 32 very closely. It in turn is 
closely followed by Members 22 and 23, and these check the 
first burn by being down when cone 13 is hardly half deformed. 
A fact worthy of note is that Members 32 and 28 deform with- 
out any evidence of high surface tension, while Members 22 and 
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23 repeat their performance of the first burn by fusing into 
globules at the point and gradually increasing the globule as the 
cones fused. This tendency to bead on deforming would mis- 
lead any one studying the fused cones if they had not data on 
the actual order of deformation. 

To check the location of Member 32 as the most fusible 
ZnO-Al,O,-SiO, mixture, another burn was made of all mem- 
bers showing evidence of fusibility, and to these were added 
32a, 32b, 32c, 32d, and 32e. This burn also included Mem- 
bers 51 to 55, inclusive. The result of this burn established the 
following order of fusibility, all within the range of cones 12 
and 13): . 

Member 32 begins and completes deformation first. Mem- 
ber 32e begins and completes deformation second. Members 
28 and 29 begin deformation third, but deform slowly and are 
not completely deformed until after Member 23. Member 22 
also completes deformation slightly ahead of Members 28 and 29. 
Member 31 begins to deform notably behind the other members 
named, and fusion progresses very slowly. The tenary de- 
formation eutectic therefore appears to be: 3 

Series B, Member 32, composition 50 percent ZnO, 20 per- 
cent ALO,, 20 percentes 1 

Formula: ZnO-.318 Al,O,-.81 SiO,. 

Temperature of deformation— cone 12-13, approximately 
1380 deg. C. The physical behavior of this series of cones is 
shown in Fig. 2 (top). 

Having determined the deformation eutectic of ZnO-Al,O,- 
SiO, and having previously obtained the deformation eutectics 
of CaO-Al1,O,-SiO, and of feldspar-quartz, we are prepared to 
study the eutectic of these eutectics. 

This study was outlined as indicated on Figure 3, the corner 
members being: 

D A—KNaO, AI,O,, 6.4 SiO, — molecular wt. 580, com- 
bining wt. 580. 

D B— ZnO, .318 Al,O,, .81 SiO, — molecular wt. 162, com- 
bining wt. 173.4. 

D C—CaO, .348 Al,O,, 2.49 SiO,— molecular wt. 241, 
combining wt. 284. 
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The preliminary study was indicated as Series D and was 
produced by wet grinding the corner members and then blend- 
ing to form the intermediate members D1 to D 18, inclusive, 




















iGeee 


which were molded into cones for deformation determination. 
Of this series, D7 deformed first and at cone 02. It was fol- 
lowed at about cone ot by D 12, which was followed between 
cone of and cone 1 by D 8 and D 4 in the order named. 
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It therefore appeared that the most fusible mixture ap- 
proached the composition of D 7 and probably was located in the 
area bounded by D7, D12 and D8. 

A new series was therefore constructed with these three 
members as the corners and was designated as Series E. . This 
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series originally consisted of 15 members, viz., D7, D8, D12 
and E11 to E12, inclusive. After a preliminary burn the series 
was extended to E 30, inclusive (see Fig. 3). 

The members were made up in the usual manner and formed 
into cones. These cones were tested, and an eutectic area was 
found consisting of mixtures D7, E2, E4, E5 and E8. These 
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mixtures all deform at so near the same temperature and rate 
that the actual eutectic mixture was only determined to our satis- 
faction after repeated tests. All these mixtures deform within 
less than one-half cone temperature range. The temperature is 
cone 03 from one-fourth to three-fourths deformed. 

The eutectic mixture was found to be D5, followed in 
order by E8, E4, E2 and E7. The rate of deformation in- 
creases slightly toward E8. The fusible members of this series 
are shown in Fig. 2 (bottom). 

The most fusible mixture of modern Bristol glaze type as 
determined by study on the basis of eutectics is: 
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To confirm the conclusions reached, the most fusible area 
was covered by an entirely new series of mixtures, and the def- 
ormation temperatures determined. The results of this test 
showed that while the deformation eutectic remained constant, 
the order and rate of deformation was somewhat affected by the 
rate of heat application. The slower the rise in temperature, 
the less active is the ZnO member. 

As a final study, an entirely new series was prepared em- 
bracing the entire triaxial and designated as Series G. (See 
Fig. 4) The eutectics were newly prepared, and after blending 
wet, the mixtures were thoroughly ground in a mortar. Stone- 
ware trials were dipped in each mixture, and the remainder was 
dried to leather hardness and molded into cones. 
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Series G consists of the three eutectic mixtures and sixty- 
three intermediate mixtures blended on the molecular basis. This 
gives a molecular variation of .1. The cones were tested for 
deformation order, and the preceding observations again con- 
firmed. The variation of mixture over the entire triaxial gave 
a far clearer study of deformation behavior, and the temperature 
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was increased until evidence of deformation was apparent along 
two margins of the series. The range of composition within 
which deformation occurs at cone Ay is shown by the accompany- 
ing illustration, Fig. 5. 

The deformation eutectic is clearly G 24, with G 25 only 
slightly more refractory. Toward the ZnO extreme of the series, 


BRISTOL GLAZES COMPOUNDED ON EUTECTIC BASIS 639 


the cones show evidence of interior fusion, while their surfaces 
appear dry. This would point to volatilization. Toward the 
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CaO extreme of the series the rate of deformation is more grad- 
ual, the vitrifying action being apparent in all the cones in this 
corner of the series. Toward the K,O extreme of the series, 
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the development of a glossy structure is very apparent although 
the deformation did not begin until the members lower in felds- 
par had progressed far in the deformation process. One would, 
therefore, naturally assume that glassy glazes develop on the 
K,O side of the eutectic. A study of the stoneware trials which 
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were glazed with the various mixtures of this series will show 
this assumption to be correct. 
GLAZE TRIAL STUDY 


The stoneware trials glazed with members of this series 
were fired at cones 03-01 and 4. (Fig. 6). 
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The progress of glaze development is indicated on Fig. 6, 
and it will be noted that this does not exactly coincide with order 
of deformation as evidenced by the cone study. 

In general it may be said that with G 24 as the eutectic 
both for deformation and glaze development, there is a rapid 
increase of glassiness with K,O increase, a rapid increase of 
white opacity with ZnO increase and a distinct increase of cream 
opacity with CaO increase. 

In conclusion, it should be pointed out that a change in 
composition due to ZnO volatilization may cause a slight varia- 
tion in the development of both cones and glazes toward the ZnO 
extreme of this study, but duplication of tests has failed to de- 
velop any evidence of other possible variations. 


A COMPARISON BETWEEN SODIUM SULPHATE 
AND FREEZING TESTS FOR DRAIN TILE 


BY HOMER F. STALEY. 


PART I. FREEZING TESTS 


The freezing tests here described were made by W. J. 
Schlick, Drainage Engineer, and R. W. Crum, Structural Engi- 
neer, of the Iowa State College Engineering Experiment Station. 

The Tile Tested. The tests were made upon hard and soft 
8 in., 12 in., and 16 in. clay drain tile from four representative 
Iowa factories and upon average good 8 in. and 16 in. concrete 
tile from one representative Iowa factory. In selecting the clay 
tile the hardest burned, but not overburned, and the softest burned 
tile from one kiln were selected whenever possible. 

The concrete tile were shipped from the factory as being 
representative of their average good product. In all cases, tile of 
a clear ring and free from cracks were selected. The hard clay 
tile were selected in each case as being representative of the best 
of the No. 1 product of that factory. In each case the pipe were 
donated for these tests by the factories. It is questionable 
whether the concrete tile used in these tests are fairly represent- 
ative of the best quality of concrete tile, and another series of 
tests on a wider variety of concrete tile is now under way. 

The list of factories from which tile were procured and a 
short description of the tile selected follows: 

Factory L. The concrete tile used were shipped from the 
above factory, by the plant management. The president of the 
above company describes the pipe in a letter as follows: | 

“These tile are sixty days old, as near as we can tell, are 
made of washed sand and Northwestern cement, proportions 
three to one, and steam cured for forty-eight hours, after which 
time they were rolled out into the yard.” 
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Factory M. The 16 in. tile from this plant were selected 
from a portion of the stock pile which the yard men stated were 
made up of the tile from the last kiln of 16 in. tile fired. It is 
thought that all of the 16 in. tile are from one kiln and represent 
the extremes of the product from that kiln. All might have been 
classed No. 1, though the soft tile might be excluded under a 
severe inspection. 

The 8 in. tile were selected from the stock pile and represent 
the hard and soft tile of this stock pile. 

Factory N. The 16 in. tile from this factory were chosen 
as the tile were removed from the kiln and would probably all 
be classed as No. 1. : 

The 8 in. tile were selected from the stock pile. The soft 
tile were hunted out and are somewhat softer than the average 
soft tile of this size from this plant. The superintendent stated 
that the soft tile were selected from two kilns which were in 
course of firing at a time when he ran short of fuel oil. | 

Pactory, Fat Alleot tthe tile:selected, both: '8.an. and. 16.4n;; 
were chosen as the tile were removed from the kilns and repre- 
sent the hardest and softest from these kilns. It is thought that 
the specimens selected are fairly representative of the extremes 
in the No. 1 tile from this factory. | 3 

Factory R. The tile from this factory were selected from the 
stock pipe and represent the hard and soft 12 in. tile in the yard 
at the time the selection was made. 

Selection of Samples. Strength tests were made upon five 
samples of each size and class of tile from each factory. From 
each of these tested tile, six samples were obtained for absorption, 
freezing and thawing and sulphate tests. 

Each specimen was approximately square, of from I0 to 20 
sq. inches in area and of the full thickness of the pipe wall. 
Where the appearance of the tile indicated that it was of uni- 
form quality throughout, the specimens were chosen from the 
body (not from the end), and at the sides of the segments of the 
tested tile. The specimens were taken from different portions 


- of the tile so as to be representative of the whole pipe wall. 


After the completion of the absorption tests, two of the pieces 
from each tile were subjected to the accelerated freezing and 
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thawing tests (First Series) and the other four retained for the 
sulphate tests and additional freezing and thawing tests. 

Five additional tile of each size and class from each factory 
were subjected to the natural freezing and thawing test. At the 
completion of this test, the tile were subjected to the standard 
strength tests. No notable decrease in strength was observed. 
Details are not given in this paper. 


ACCELERATED FREEZING TESTS 


First Series. These tests were made upon two specimens 
from each tile. All the specimens for this test were packed in 
the basket of the freezing box, which was kept packed with 
crushed ice and salt. They were subjected to temperatures of 
from 3° F to 7° F for at least five hours at each freezing period. 
They were thawed by placing in water at a temperature slightly 
below boiling, for one hour. For the first 50 freezings and thaw- 
ings the specimens were taken from the hot water and allowed 
to cool in air before replacing in the freezing box. In starting 
the second 50 freezings and thawings this program was varied, 
and the specimens were cooled in water at 70° F. The speci- 
mens were given two freezings and thawings per day. 

The absorptions of the pieces tested are given in Table I, 
and in Table II are given the completed data of the effect of 
this series of freezing and thawing tests. The data are complete 
for 100 freezings and thawings except for pieces No. 47A and 
81 to go inclusive, which are still being tested. In stating the 
effects of the freezings and thawings in this table, the effort has 
been made to describe only those conditions which were due to 
the freezings. No especial.examination was made of these speci- 
mens before these tests were started, but as each specimen was 
examined carefully after each tenth freezing, it is possible to 
determine the effect of the freezings very closely. 

Second Series. After the completion of the first series 
of freezing and thawing tests, it was decided to start a second 
series in which the specimens would be subjected to more severe 
conditions. 

The specimens for this series were the third or remaining 
specimen of the first three specimens from each tile, the other 
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two specimens from each tile being used for the first series of 
tests. In general, each specimen in this series had an absorption 
higher than one and lower than the other of the other two speci- 
mens, from the same tile, used in the first series of tests. 

In these tests the specimens are all laid with the curved or 
convex side downward in trays or pans fitted in a frame which 
replaces the wire basket used in the freezing box in the first 
series of tests. The specimens were so sorted that all the sam- 
ples in each tray were from tile of the same diameter and wall 
thickness. Each tray was filled with water to such a depth that 
one-third of each specimen was immersed. This one-third depth 
was taken as one-third the sum of the thickness of the piece 
plus the average concavity of the samples. 

The specimens for this test had been immersed in water at 
room temperature for about 60 days previous to preparing for 
this test. They were then immersed in water near boiling tem- 
perature for three hours and then allowed to cool in water. 

It was found that only. one freezing and thawing per day 
could be completed, as the water in the trays could not be success- 
fully frozen in the five hour period available during the day. 
The program was accordingly varied from that used in the first 
series to the following. The specimens are frozen for at least 
18 hours at a temperature starting at not more than 10° F. and 
decreasing to, or nearly to, 0° F. at the end of the freezing 
period. The crate holding the trays is then placed in the heating 
tank, and the specimens kept in water near, or at a boiling tem- 
perature for three hours. The crate is then lifted, and the hot 
water poured from the pans after which it is immersed in water 
at room temperature for one hour. At the completion of this 
one hour cooling, the crate is raised, and the water poured from 
the trays. Each tray is then filled to the required depth with ice 
water, and the crate returned to the freezing box for another 
freezing period. 

Each specimen was examined carefully before starting the 
freezings, and a record made of all cracks and laminations visi- 
ble to the naked eye. The specimens were watched carefully 
for the first signs of deterioration. Careful examinations and 


- 
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records were made after the 1oth freezing and thawing, after 
the 13th and then after every other freezing and thawing. 

The absorptions of the pieces tested are given in Table III. 
The results of this series up to and including 20 freezings and 
thawings are given in Table IV. In each case the cracks, open- 
ings, laminations, and other evidences of the effects of the tests 
given are due to the tests and were not visible when this series 
was begun. These tests are still being continued. Up to 75 
treatments, no clay tile with less than seven percent absorption 
has been noticeably affected. 
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NATURAL FREEZING AND THAWING TESTS 


Five tile of each size and class from each factory were 
subjected to the natural freezing and thawing tests. The tile 
were first thoroughly wet by immersion for 48 hours, and then 
allowed to freeze out of doors. Each morning they were brought 
inside and allowed to thaw out in tanks of water at room tem- 
perature, and each evening again placed out of doors to freeze. 
The tests were continued as long as the weather conditions were 
favorable. | 

Complete records were kept of the outdoor and indoor tem- 
peratures, and of the temperatures of the water in the thawing 
tanks. The tile in this test were out of doors on 33 nights when 
the temperature was freezing or below and on 8 nights when the 
temperature was 0° F. or below. The temperature of the water 
in the thawing tanks ranged from 37°F. to 62°F., and averaged 
near 46°F. for the days when the tile were being thawed follow- 
ing freezing. 

Each group of pipe in this series is given a number 100 
larger than the same kind of pipe in the tests of the pipe from 
which the samples were taken for the accelerated freezing and 
thawing tests. The summations of the et results of the freez- 
ings are given in Table V. 


TABLE V. EFFECT OF NATURAL FRE 


EZINGS AND THAWINGS OF 
WHOLE TILE 











TILE 


NO KIND DESCRIPTION OF EFFECT 








| | 
101 | 8 in. Concrete, Fac- | Chipped at inside edge at top. 
tory L. 
102 One chip from inside edge at top. 
103 Chipped at inside edge at top. Several 
small cracks opening at the top, and 
| some scaling inside. 
104 Same as 103. 
105 Same as 103. 
111 | 16 in. Concrete, Fac-| O..K. 
tory L. 
112 Ook: 
113 O. K. Some rough spots outside. 
114 | O. K. Some rough spots outside. 
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TABLE V — Continued 





so KIND 
115 | 
121) UL Gokite Glave ott: 
| Factory M. 
122 
123 | 
124 | 
| 
| 
125 
126:\ LOwin.. Olay iblara: 
Factory M. 
1a 
128 | 
129 | 
on 
Ids Sandn. “Cla yaesont: 
Factory M. 
132 | 
130%! 
134 | 
185 | 
136: 1-8 ane «Clay. Hard, 
| Factory M. 
ibs veed 
138 | 
139 | 
140 | 
141 | 10 intaeclay. “Sort. 
Factory N. 
142 | 
143 | 
144 | 
145 | 
146 | 16 in. Clay Hard, 
| Factory N. 
147 | 
148 | 





DESCRIPTION OF EFFECT 


O. K. Some rough spots outside. Chip 
out at top. ‘ 
Two chips from inside of top. ‘Rough 


outside. 

Two chips from outside at top. 

Two cracks, 2 in. at top. Also one chip 
out at top. 

One chip out at the inside and rough 
outside. 

Two chips out; 14 in. crack and two 1 in. 
laminations opened up. 


One chip out at top. ; 
Two small chips from outside at top. 
K 


Three-inch lamination opened and two 
chips off at top. 

Four chips from inside at top; rough out- 
side at top. 

Two chips from outside at top; 6 in. chip 
from top at outside. 

Two chips from outside at top; 14 in. 
lamination opened at bottom. 

Two chips from outside at top. 

Three chips from inside at top; edges 
rough. 

Rouen at. 40p, 
top. 

One chip from top and two from bottom. 


Two small chips off at 


One small chip off. 

One chip off at top. 

O. K. but rough at top. 

O. K. but rough at top. 

Big chip off at end; also blister inside 
and small crack at bottom. 

Three chips off and a lamination opening 


up. 

Three chips off at each end; one small 
crack, 

Two big chips off at end and three inch 
lamination opened up. 

Two chips off at one end and one at the 
other. 

One chip from inside of tile. 


One chip from outside at top; two-inch 
blister cracking. 
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KO KIND DESCRIPTION OF EFFECT 
| 
149 | One chip off from end. 
150 | OM 
151 | 8 in. Clay Soft, | One-half inch crack and three-inch lam- 
| Factory N ination opening at bottom. Other small 
laminations showing. 
1524 Six-inch crack inside. 
153 | Seven-inch crack and one lamination 
| opening up. 
154 | Four-inch crack inside. 
155 | One chip off at each end. 
564 ee eins Clay selard; Big chip from outside of top. 
Factory N. 
157 Ok: 
158 Gm. 
159 | Ore 
160 | One 
161, (216. ine “Clay Sott; Small laminations opening at top; one 
Hactory- tb chip off and 38-inch crack. 
162 | Three chips off at top and one lamination 
ic Popes. 6. 
163 | Three laminations opening at top; one 
| chip off at top; two-inch crack. 
164 One large and one small lamination 
opening at the top; also blister inside. 
165 | Chipped at outside at top for two-thirds 
| the circumference. 
166 | 16.1. Clay Hard, Two 4-inch cracks on the inside at top. 
me hactory 
167 | Many small chips off and several small 
| laminations open at top; also two 1-inch 
| cracks. 
168 | Ol: 
169 Four chips off and three laminations 
opening at top. ; 
170 Three chips off at top. 
Mle Gite a CLAY. OTE, Small chips off and four-inch lamination 
i 4. Pactory P. opening at top; many four-inch cracks. 
172 | One large and one small lamination open- 
| ing; two cracks half way through 
| body; many small cracks. 
173 Four chips off at top; two cracks through 
body at top and many cracks at the 
| bottom. 
174 | One three-inch lamination opening at the 
top. : 
1751} Two chips off at top; two cracks at top. 
Hows ane -Clay- "Hard, Small laminations open all around top. 
| . Factory P: ; 
177 | Small laminations opened at top; also 
| two-inch crack. 
178 | Three-inch lamination open at the top. 


TABLE V — Continued 
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TABLE V — Concluded 








length of body. 


Sey KIND DESCRIPTION OF EFFECT 
| 

179 | Three cracks through body and two lam- 
| inations opening. 

180 | One chip off and several laminations 
ots opening. 

18], | 12 . in. ~ Clays lSest, 
| Factory <R. 

182 | Two chips off at top. | 

183 Three-inch lamination opened at top; 
| small chips from outside. 

184 | One chip from inside. 

185 | Two chips off at top. 

186,12. ine Clay” Hard, O. KK, 

Factory R 

187 One chip from inside and several small 
| chips from outside at top. 

188 | Pas 

189 | One large chip off at end. | 

190 : Chipping slightly; hair crack two-thirds 
| 


ome 


PART II. SODIUM SULPHATE TESTS 


Object. The object of this part of the investigation was 
to determine whether a sodium sulphate test can be used for drain 
tile in place of freezing tests. Sodium sulphate tests have been 
proposed, and used to a limited extent, as a substitute for freez- 
ing tests on stone since the time of Brard*. A modification of 
Brard’s process has been applied to clay bricks by Howat? and 
Orton’. 


Solubility of Sodium Sulphate. The solubility of sodium 
sulphate in water at various temperatures is shown in Table VI. 
Since the solubility varies so greatly with temperature, it was 
decided not to use a saturated solution but one containing 15 
percent of anhydrous Na,SO,. Such a solution is affected very 
little by unavoidable changes in room temperature, as long-as the 
temperature does not drop below the saturation point of the solu- 
tion 65.8°F. At its saturation temperature such a solution has a 

1 Annales de Chemie et de Physique, 1828, Vol. 38, page 160. 


2 Trans. Amer. Cer. Soc., Vol. XVI page 248. 
3 Trans. Amer. Cer. Soc., Vol. XViit. 
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density of 1.132*. Preliminary tests showed that ten treatments 
with a method (A. below) similar to that used by Howat and 
Orton had an appreciable effect on drain tile of the character 
we intended to test with the 15 percent solution. When Io per- 
cent solutions were used, there was no noticeable effect on clay tile 
at the end of ten treatments. 


TABLE VI. SOLUBILITY OF SODIUM SULPHATE IN WATER 








GRAMS ANHYDROUS 
Naz SOug PER 
100 GRAMS SOLUTION 


TEMPERATURE?” C, SOLID PHASE 























| 
0 4.76 I) 
5 6.0 | 
10 8.3 | 
15 | 11.8 
20 1623 
25 21.9 fies SO, H.2O0 
30 , 29.0 
31 30.6 || 
89 32.3 | 
32.40 30.0 
33 | 30.6 | 
35 30).4 
40 02.8 | 
50 31.8 | 
60 31.2 | 
80 30.4 | Naz SO: 
100 29.8 | 
120 29.5 | 
140 oe Soaeagil 
160 | OU. } 
230 BLT | 


Note: Seidell — Solubilities, 1911 edition, page 311. 


Methods of Testing Used. Three types of tests were 
employed. 

A. Samples were immersed in 15 percent Na,SO, solution at 
21°C. (70°F.) for 48 hours, then placed in a dryer at 110°C. 
(230° F.) for 7 hours. This constituted the first treatment. 
Subsequent treatments consisted of immersing the samples in the 
solution for 16 hours and placing them in the dryer for 7 hours. 
Thus, after the first, one treatment was performed each day. The 


4Landolt, Bornstein, Meyerhoffer — Physikalish-Chemische Tabellen, 3rd edition, 
page 318. 
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other hour of the 24 was consumed in examining the samples, 
transferring them, and in allowing them to cool after they came 
from the dryer. In this method of drying, anhydrous Na,SO, 
would be formed. . 

B. Samples were immersed in 15 percent Na,SO, solution 
at 21°C. (70°F .) for 48 hours, then stood on edge separately on 
boards in a large closed room, kept at temperature between 69°F. 
and 73°F. for a period of 24 hours. Subsequent treatments con- 
sisted of immersion in the solution for 24 hours and drying in 
the room for 24 hours. In this method of drying, Na,SO, 10H,O 
and possibly Na,SO, 7H,O would be formed. 

C. Samples were immersed continuously in 15 percent Na, 
SO, solution. The object of this test was to determine whether 
the solution had any chemical effect on the samples. 

Method A. The absorptions of the pieces used in this 
series of tests are shown in Table VII, and the results summar- 
ized in Tables: VIII, IX; X,, and XI} Brom the data 19 shand. 
it seems that one treatment with sodium sulphate by this method 
is approximately equivalent to two freezings by the partial-im- 
mersion accelerated freezing test. This is shown best by com: 
parison of Tables IV and IX. This method of testing is quicker, 
more convenient, and more economical than any of the freezing 
tests, or other sulphate tests, tried. The parallelism between high 
porosity and easy attack by both the sulphate and freezing tests 
is quite marked. It is noteworthy that no clay tile with an ab- 
sorption of less than 7 percent was affected by 75 treatments by 
the accelerated freezing test or by twenty treatments by the sul- 
phate test. For the type of tile tested, which were all made 
from shale, seven percent absorption would be a fairly safe maxi- 
mum to insure resistance to freezing. 
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Method B. The absorptions of the samples used in this 
series of tests are shown in Table XII and the results in Tables 
XIII and XIV. The results are similar to those obtained by 
Method A. However, this method of testing is less severe than 
Method A and gives results much more slowly. It is, therefore, 


inferior to Method A. 
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Method C. The absorptions of the samples used in this 
series of tests are shown in Table XV, and the results are sum- 
marized in Table XVI. This test demonstrated conclusively that 
on some samples of concrete pipe, sodium sulphate in solution 
has a decided action other than that due to the crystallization of 
some form of the salt. Of course we would expect Ca SO,. 2 
H,O to be formed, but cement chemists claim that highly hy- 
drated compounds of lime alumina and SO, are also formed. 
In fact the disintegration of concrete in sea water is attributed 
to the action of soluble sulphates. 

The following is a quotation from an article by Dr. Wilhelm 
Michaelis.* 7 


“In Portland cement the hardened mass is completely permeated 
with crystals of calcic hydrate. The hydrate of the combined aluminate 
and sulphate of lime (AlLO;, 3CaO + 3CaOSO;-+ 30 H2O) has been 
observed when the compound was dried over sulphuric acid. 

“A body containing a substance of such strong chemical affinity as 
free lime cannot be regarded as stable. The free lime will continue to 
react until it forms a saturated compound. When the mortar hardens 
in the air or in the water containing carbonic acid the lime is converted 
into carbonate; but in sea-water it is chiefly the sulphates which act 
upon the lime. In the first instance it is the free lime that is converted 
into carbonate or sulphate, then the very unstable compound with ferric 
oxide, then the aluminate, and finally the silicate. The formation of the 
sulphate with two equivalents of water causes a considerable increase of 
volume, and may destroy the cohesion of the mass. With this formation 
of gypsum the production of lime aluminate-sulphate goes hand in hand, 
and this causes an enormous increase of volume, and a total destruction 
of the cohesion, for this double compound crystallizes with at least 30, 
probably with 60 equivalents of water, and in doing so converts the 
strongest mortar into a mud, the only parts of which retaining any 
cohesion being those protected by the formation of carbonate.” 


Following is a statement by Le Chatelier.® 


“When the calcium sulphate found in natural waters or formed by 
the interaction of magnesium sulphate and the calcium compounds of 
cement reacts with calcium aluminate it produces a calcium sulpho- 
aluminate whose crystallization gives rise to swelling and cracking in the 
material. The action resembles that consequent upon the hydration of 
quicklime, but is much slower.” 
 eiProceedinas of the Institution of Civil Engineers, Vol. CXXIX, 1896, 


pages 325-6. ; Odd f ; 
8 Congress of the International Association for Testing Materials, Brussels, 1906, 
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From the standpoint of the cement chemist, the chemical 
action of soluble sulphates on concrete would depend: on the 
composition of the cement, on the density of the concrete, and 
especially on the extent to which it is protected by insoluble car- 
bonates. It is noteworthy that in this test the raw edges of the 
samples were attacked first, and that the thin samples stood the 
tests better than the thick. 

That the results for the concrete samples in test A are so 
closely comparable to the freezing tests is probably due to the 
severe mechanical strains set up in this test by the crystallization 
of Na, SO,. These would tend to obscure the effects of the 
lesser strains due to the formation of new chemical compounds 
of large volume. However, sodium sulphate tests can not be 
considered a reliable substitute for freezing tests on concrete, 
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GENERAL CONCLUSIONS 


I. The method of conducting freezing tests by the partial- 
immersion process, described under Accelerated Freezing Tests, 
Second Series, is the quickest and most satisfactory of those 
tried. 

II. The method of conducting sodium sulphate tests, de- 
scribed under Sodium Sulphate Tests, Method A, 1s quicker, more 
convenient, and more economical than any of the freezing tests 
or other sulphate tests tried. One treatment by this method is 
approximately equal to two treatments by the partial-immersion 
freezing method. 

Ill. The parallelism between high porosity and easy attack 
by both freezing and sulphate tests 1s quite marked. Seven per- 
cent would seem a safe maximum absorption for clay tile of the 
type tested (made from shale clay). 

IV. Due to the chemical action of soluble sulphates on 
concrete, sodium sulphate tests can not be considered a reliable 
substitute for freezing tests on concrete tile. See Sodium Sul- 
phate Tests, Method C. 


Ceramic Laboratories. ; 
Engineering Experiment Station. 
Iowa State College. 


PYROMETRY: PAST, PRESENT AND FUTURE 


BY EDWARD C. STOVER, TRENTON, N. J. 


Pyrometry is a many phased subject.’ 


The first pyrometric method was introduced by Sir. Isaac 
Newton. It was a bar of iron which lengthened on heating and 
this increase was taken as a measure of the temperature increase. 
The method was published in 1701. 


The first practical instrument was designed by Josiah 
Wedgewood in 1782. This is a ceramic block which shrinks 
on heating, and its shrinkage is an indicator of the temperature 
attained. This instrument was without a rival for 40 years and 
is still employed in the pottery district of Staffordshire, [ng- 
land. 

In 1822 John Daniel introduced the platinum bar encased 
in a plumbago cover upon which was a scale to show the ex- 
pansion of the platinum. ‘This increase was read by means of 
a telescope. In the same year Seebecks discovered the principle 
of thermo-electrics. He found that a current of electricity is 
generated by heating a junction of two metals, platinum and 
palladium. 

In 1830 Becquerel built an instrument of this type, but it 
was practically abandoned, and not until 1886 was it revived in 
a more practical form, and led to the present extensive use of 
pyrometers. 

Dr. Herman A. Seger published his invention of Seger Py- 
rometric Cones in 1886 in Berlin, Germany, and their use in both 
Europe and the United States continues to the present time. 


Even in the early days of pyrometry, each method was rec- 
ognized as having special advantages in particular cases. Many 
potters, being ignorant of the particular adaptability of the dif- 
ferent methods have chosen a method not adapted to their needs 





1 History of Pyrometry, by Chas. R. Darling, published by Spon, London, 1911. 
(684) 
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and hence have received more or less indifferent aid by its use. 
They have therefore condemned pyrometry in general. 

The experienced potter is becoming more and more impressed 
with the importance of temperature changes on his ware in the 
kiln, from the begining to the finish and also in the rate of cool- 
ing. The time is fast approaching when combinations of the 
methods of pyrometry will be employed by the potter, so that he 
will know the condition of the various parts of his kiln, from start 
to finish, including cooling in somewhat the same manner as the 
metallurgist has done. A great many metals are not only sold 
under specifications as to chemical compositions, but also as to the 
process of preparation and heat treatment necessary to’ insure 
definite results that can be accurately duplicated at any time. 

The Present in Ceramics seems to be one of education. 
With the proper combination including the recording pyrometer 
from start to finish a great saving of fuel is possible, to say 
nothing of eliminating losses and producing a more uniform 
product. : 

The Solon shrinker rings are now being used by some people. 
This method necessitates withdrawing the ring from the kiln every 
3 or 4 hours and taking actual measurement thereof. They have 
been -found quite accurate, but they do not cover the time as 
closely as it really should be covered. This is admitted by many 
who are using them. 

The Future. The time is fast approaching when the ex- 
perienced fireman will refuse a position where recording pyro- 
meters have not been installed to give him a chance to prove his 
claims of accuracy and economy in firing. 


A COMPARISON BETWEEN THE ABSORPTION, 
CRUSHING STRENGTH AND RESISTANCE TO 
ARTIFICIAL FREEZING OF SOME OHIO 
BUILDING BRICKS 


BY EDWARD ORTON, JR. 


In connection with the work of Committee C-3 of the Amer- 
ican Society for Testing Materials, which concerns itself with 
the properties of and specifications for bricks, an effort has been 
made to collect data from all available sources in the United 
States on the physical properties of the bricks used in building 
work, not including paving bricks, fire bricks, hollow bricks or 
other special varieties. The data sought chiefly has related to 
absorption percent, crushing strength and cross breaking strength 
or modulus of rupture, but attention has been called to the im- 
portance of the freezing test. It has been stated that the other 
strength tests are all of them indirect and inconclusive, and that 
if we were able to completely assure ourselves of the weather 
resisting ability of building bricks, the need of making any other 
tests would be very largely obviated. The difficulty of making 
the freezing test rapidly and at any time or place is so con- 
siderable, and requires the use of such expensive equipment, 
that actual use of the test is inirequent thus far eand therewdec: 
not seem any great likelihood of its extensive use in the near 
future. 

In Volume XVII., Transactions of the American Ceramic 
Society, page 249, W. L. Howat of the U. S. Bureau of Stand- | 
ards, published a valuable paper on the use of the sodium sul- 
phate solution as a mode of producing artificially, and at con- 
venient temperatures, the destructive effect of the freezing of 
water in the pore spaces of brick. The method and interesting 
results obtained by Mr. Howat can be readily consulted. 

The importance of the sodium sulphate process, if it is 
found to offer a really practical substitute for ice freezing, is 

(686) 
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great, and no pains should be spared to work out and bring into 
public notice the exact relationship between the two. If it is 
found, as is foreshadowed by Mr. Howat’s paper and the dis- 
cussion upon it, that the action of sodium sulphate is similar in 
kind, but much more severe than that of ice, it should be possible 
to establish such a ratio in the number of treatments given, or 
to so regulate the exact conditions of the test as to get a modified 
or partial action, the results of which would be equivalent to 
ice freezing, ed 

The present investigation was begun primarily to fill a gap 
in the records of Committee C-3. regarding the relative crush- 
ing strength exhibited by building bricks when crushed upon their 
ieee comparca to thay. wen crushed. on their edge. To make 
such a comparison valuable, the material tested by the two 
methods must be as nearly the same as possible. It was neces- 
sary to not only compare bricks of the same make, but of the 
same hardness or degree of vitrification. ‘This involved secur- 
ing a good stock of each material used in the test, and making 
a careful absorption test upon every brick, and then selecting 
for the comparison, groups of bricks whose individual members ° 
should only vary between narrow limits above and below the 
average. 


To broaden this plan to include a study of the behavior 
of the same material under the sodium sulphate freezing test, 
seemed highly desirable from several points of view. The Howat 
investigation had not been conducted upon commercial bricks, 
but upon laboratory-made briquettes only, and upon relatively 
few specimens. Also freezing tests by either ice or sodium sul- 
phate would be unsatisfactory and inconclusive during the pre- 
liminary or investigational phase of the process, 1f not accom- 
panied by concurrent information on the strength and other 
properties of the material under study. The original plan was 
therefore modified by providing enough material of each kind 
to make two accurately graded sets of specimens of the same 
average absorption, using one for crushing in the two positions, 
and the other for concurrent tests of resistance to disintegration 
by sodium sulphate freezing. 
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The Samples. The samples were furnished gratuitously 
by various brick manufacturers in Ohio. The considerations 
governing the request for the furnishing of samples were as 
follows: 

1. To cover the state geographically as well as could be 
done with a limited number of samples. } 

Fourteen samples were obtained representing the follow- 
ing districts: 


Northeastern quarter — Cleveland, Sandusky.............. 3 
Southeastern quarter — Zanesville, Somerset, Junction City.. 4 
Central-— ‘Columbus; Taylor station? 3t see een ee 2 
Southwestern quarter — Cincinnati, Delphi, Dayton......... 5 
Northwestern quarter — "Toledo 2 ee ee 2 

4 


2. To represent the large producers of building brick, 
rather than those who make paving brick their chief product, 
producing building brick as a side issue. 


In the former category belong the plants representing Cleve- 
land, Sandusky, Toledo, Cincinnati, Dayton.and Co- 


lumibus og... Sek I a ee eee ie 
In the latter belong Zanesville and Junction City... 1.7... 22.4. 2 
14 


3. To represent the different types of materials used in 


Ohio building brick industries. 
The samples are classified as representing glacial surface 


clays. 


Sandusky oil {sme .efent eee ee 2 
Doledo. 945. sorsauti eee eee I 
Golumbus). 2 uely seek sty bee Yap I 
Daytona 2.0908. ee yet ave I 
Delpiis( Cincinnati iia eee I 


Alluvial clays — 
Cincinnati +225 4a I 
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Shale clays — 


Ory Gian eattOrinee ty els TG eee FU 
JIS OSG LONG te ie eer are I 
BORO LS ER RN we es = Yonee wo I 
ISEI SSG AS © sa  oel y eie aee r | 
SES ha ue ioe ise ae ee I 
ieee 
ae ie ULiICks we ena fs. bees I 
Serment sand prick: 7.5 sce eas ones I 
ee 
14 


4. To represent the different processes of brick manu- 
facture. 


The samples were divided as follows: 


Clay, stiff-mud, auger machine product.... 7 
Clay, soft-mud, sand mold machine product. 5 
Proaidalitie PROCESS s, Sarctis Gi Pe ens he es | I 
(SenICH GanG proccess nt St tea ST Ate age 1 
14 


Enquiry for a dry-press common building brick was made, 
but no plant now using this process could be located at.the time. 

5. In addition to the above considerations, it was desired. 
to fairly represent the entire product of each firm furnishing 
samples, and accordingly each was requested to furnish three 
grades of material: 


1— The hardest burnt material which they habitually 
sell. : 

2— Their regular or average product. 

3 — The softest material which they habitually sell. 


This really made thirty-four (34) separate.samples, of four- 
teen different makes. The two hydraulic-process bricks were 
represented by one grade each, and some of the clay brick makers 
sent only two instead of three ‘grades. 
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6. The number of bricks required of each grade was twelve, 
which were apportioned for test as follows: 


Lo:the-absorption* test... = ar eae eee All 
FO. thercrushingstestve yas) eee eee 5 
Tothessodsim stl phace sect pus ee eee 5 
FOr TeSCIVe: see ae eee ere 2 

72 


The total number of different bricks used in all the tests 
was approximately 432. 

7. For obvious reasons, the names of manufacturers who 
sent samples are withheld. 


CLASSIFICATION OF THE MATERIAL IN GROUPS BY THE 
ABSORPTION TEST 

Drying Out. Each lot of bricks was cleaned by brushing, 
each brick being given a number in lead pencil, and then placed 
in a muffle kiln, and heated for an: hour or tworau.p1o0-120 |. 
They were then weighed individually and returned to the kilns, 
heated for an hour or two to 110-120° C. and again weighed. 
If second weight now confirmed the first, it was assumed that 
the bricks were dry. If not, a third drying treatment was given, 
or until a check weight was obtained. 

Weighing. The bricks were weighed on a special balanee, 
reading in hundredths of pounds. 

Soaking. The bricks were placed in a metal tank and 
covered with water. This was heated to boiling and boiled about 
four hours, and the bricks allowed to cool down in the water. 

Reweighing. When cool the bricks were taken from the 
water, allowed to drain five minutes, and then weighed. The 
difference between the wet and dry weight was then taken, and 
the percentage calculated in terms of the dry weight. 

Redrying. The bricks were now placed in drying ovens 
described later, and heated to 110-120° C. for from twenty to 
twenty-four hours, at the end of which time they were found 
to be entirely dry again. 

Grouping. Each material was now classified into groups of 
five bricks each, the mean absorption of each pair of groups 


being as nearly identical as possible. 
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aside for reserve. 


The extra bricks were set 


For illustration, the data used in grouping 
Beck A 11s) eiven initull. see Table I. 




















TABLE I—SAMPLE NO. 1 
BRICK 
NUMBER COMMERCIAL GRADING ABSORPTION 
| 

percent 

1 6.37 
2 5.14 
3 6.49 
4 5.90 
5 5 32 
6 Hard 4.40 
es 4.33 
8 5 32 
9 6.41 
10 4.31 
old 5.23 
12 | 6.14 
13 12.57 
if 15.68 
15 13.88 
16 14.66 
iM 13.89 
12.62 

19 Medium 14.96 
20 12.85 
21 12.80 
22 12.55 
23 13.12 
24 13.10 
25 13.57 
26 15.35 
27 18.92 
28 13.52 
29 He 
30 (2277 
31 Soft 14.61 
32 17.86 
33 eval 
34 17.04 
35 18.33 
36 18.40 


From these 36 bricks the groups as shown 


selected. 


in Table II were 
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TABLE I1—SHOWING ARRANGEMENT OF SAMPLE BRICKS INTO 
PAIRS OF GROUPS OF EQUAL ABSORPTION GRADE 
GRADE | FOR CRUSHING FOR FREEZING FOR RESERVE 
| | | 
No. | No. | No. | 
10 —) 423) Main: i 4.33 Min. | 
6 | 4.40 oro td | 
Hard. 5 | 5.32 Li alas 08 0 es Boat 
4 | 5.90 8 | 5.32 | 3 | 6.49 
1 6.37 Max. 12 6.14 Max. | | 
TE We ay BEY 
5.26 Average 5.23 Average | | 
| | | 
| 
92 | 12.55 Min. 18 | 12.62 Min. | 
20 12.85 21 12.80 ee 12.57 
Medium. 23 13.12 24 13.10 16 14.66 
28 13.52 25 13.57 | 
17 -| 13:89 Max. 15 13.88 Max. : 
13.19 Average 13.19 Average | 
| 
Bye. | | 
14 15.68 Min. 26 | 15.35 Min. | cy 
34 17.04 33 VA 19 | 14.26 
Soft. 35 18.33 32 17.86 igi Sie et 
36 18.40 29 18.64 
at 18.92 Max. 30 | 18.2777 Max. | : 
| 17.67 Average’| . | 17.66 ay ie | 





This preliminary work of grading and classification of the 
fourteen sets of samples by the absorption test into as nearly 
as possible strictly comparable groups was a labor of some 
magnitude, and occupied about a month’s time. 


CRUSHING TESTS 


To remove so far as possible variations due to unequalities 
in the test pieces themselves, each brick was divided into two 
equal parts, one-half being crushed flatwise and the other half 
on edge. To avoid weakening the structure by shock, each brick 
was sawed to a depth of about one-fourth inch on all four sides 
on the center line, using a one-eighth vulcanite wheel. A blow 
was then given with a mason’s chisel of four and one-half 
inches width of face, at the weakened center zone. The bricks 
usually broke with a square clean fracture, with almost no chip- 
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ping or spalling. If the break was bad, it was smoothed up 
lightly on a coarse emery wheel to remove the protruding bumps. 
In this way, two test pieces of very nearly equal size and value 
were obtained from each brick. 

The details of the crushing test were the usual ones as 
prescribed by the preliminary standard methods of Committee 
C-3 and need not be enlarged upon here. The test pieces were 
given a coat of shellac on the top and bottom surfaces and then 
trued up with plaster of Paris, hardened between parallel pieces 
of plate glass, previously oiled. The machine used was a 200,000 
pound Olsen. The five tests on each group, by each method, 
were then averaged and the results compared. 

These results are set forth in the Tables, III to XV inclusive. 
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Process of Manufacture 
Kind of Clay Used 


TABLE II!—SAMPLE NO. 


6) 02 el sic. (6. {e, 16 y's ore) 6! jer eirs):0:0, whe) 9 rp hie ne ae VOU eee 


ey 





| 





Stiff Mud, Side Cut 


























RATIO 
































ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 
EDGE: FLAT 
Group 1 — Hard 

4.31 7530 12780 

4.40 9923 15340* 

Shey 11200 12260 

5.90 | 9820 10625 

6.37 6250 10485 

olay 89455 12998 1:1.37 
* Not crushed at max. pressure available. 

Group 2— Medium 
| 

12 | 5076 6105 

12.85 | 5004 (Eh) 

TaelZ | 4903 6290 

t3202 | 4478 7455 

13.89 | 3506 5243 

13.19 | 4693 | 6554 Le Sao 

Group 3—Soft 

15.68 2976 2984 

17.04 3271 3866 

18.33 2709 2829 

18.40 2031 3094 

18.92 1914 2668 
Wen 2580 F 3088 1:1.19 
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Process of Manufacture 


TABLE IV—SAMPLE NO. 2 


eer tS: eS, 6 (G16) 0) 010.66) ©. 6) 0 (6 0 Owe 8 6. 18 8:10 [60 


Stiff Mud, Side Cut. 





























PIO E Gl lave USEC ae iene war eo le eg Oks Shale. 
| 
RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT Raat 
EDGE: FLAT 
Group 1 — Hard 
| ; aes. 2 , hal 
1.47 9700 13460* 
1397, 7230 13460* 
197 8535 13810* 
2.21 8184 12810* 
2.60 4646 12770 
2.06 __ a oe ee rt ee | 13262 id Ba 
* Did not crush at max. available pressure. 
Group 2— Medium 
2.42 13940 12360 
2.72 11548 13390 
3.28 13674 18815* | 
4.01 9815 13814* 
4.39 | 7438 | 11595 
| eee inka ae 

3.42 11283 13001 eles 











* Did not crush at max. available pressure. 





6.28 
7.95 
8.10 
8.72 
8.98 


8.01 


7330. 


5679 
5113 
6969 
4580 


5934 


Group.) ——50tt 








10152 
R524 
12212 
12132 
7651 


10134 
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TABLE V—SAMPLE NO. 3 





Process Of (Manutacture-. «oe. ee Soft Mud, Sand Mold Machine. 
Kaidsof; Clay Used=.c. Glacial, Surface Material. 
RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 
































EDGE: FLAT 
Group 1 — Hard 
— a - 

18.82 2868 3496 | 

18.89 2376 3944 

19.30 3794 3347 

19.41 9819 | 3007 

19.92 | 2549 | 2978 

19.07 = 22) 2880 3214 ie 

| ¢ 
Group 2— Soft 
Sees po | : 

20.32 - | 2623 2143 | 

21.98 1BBS 3517 | 

2394 600 638 | 

94 55 396 902 | 

96.38 | 458 | 1000 | 

eae | 


1126 1640 : 1 ae es) 
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Process of Manufacture 
Kind of Clay Used 


TABLE VI—SAMPLE NO. 4 


ge ee ea SS MARL Stiff Mud, End Cut. 
eth Pt RE OLS OAR eee Alluvial. 





ABSORPTION 


CRUSHING ON 


EDGE | CRUSHIING ON 


RATIO 


FLAT | 
| EDGE: FLAT 





Group 1 — Hard 



































| a 
11.13 | 5253 | 6521 | 
fie68 | 5987 | 5983 | 
12.32 | 5297 | 6300 | 
12.85 | 4191 | 5356 | 
12.92 | 4407 | 5140 | 
12.17 | 5027 | 5860 | 1:1.16 
Peat : es | —_ os 
Group 2— Medium 
. — 
14.36 3475 4779 
15.96 3668 3987 | 
16.45 1594 3000 
- 48.95 3397 3731 
18.35 2108 | 4182 
wie. | 9835 | 3796 1:1.34 
| | 
Group 3 — Soft 
ee | | . et 
19.19 1500 DASA 
19.64 I958 9469 
90.80 1572 2012 
91.69 1365 147 
99 84 844 1311 
20.83 1508 i 2075 1:1.37 
| 
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TABLE VII— SAMPLE NO. 5 | 
Process so fmabantiactihe steerer tee Stiff Mud, Side Cut. 
Kind: of Clayasliseds. = aah eaten eee ee Glacial, Surface Material. 
| 
RATIO 
ABSORPTION CRUSHING ON EDGE | CRUSHING ON FLAT 
EDGE: FLAT 
Group 1— Hard 
is eS ie ie ey es eS, 
Mel 6593 8622 | 
15.66 3142 7655 
16,22 | 5790 ; 9150 | 
16.86 3048 6843 | 
17.74 6382 7463 | 
—— 
16.16 4991 7947. | Niger e355!) 
Group 2— Medium 
= | eae eee ; PGs ce Mek 
17.74 | 4086 6560 | 
17.91 5154 (213 | 
18.16 | 3683 9190 | 
18.21 | 4513 8221 | 
19.96 3120 7526 | 
ig BOS = De) ee eee | 
18.389 AI. 7742 | 1:1.88 
| | 
Group 3— Soft 
| a | a 
20.79 | 2034 5121 | 
PA ROA ZL OLS - 3546 | 
21.48 | 2195 4005 | 
21.70 | 1622 3488 | 
21.97 | 1571 4101 | 
a 4 1905 4052 | 1:2.13 














A: COMPARISON OF SOME OHIO BUILDING BRICKS 699 


TABLE VIII—SAMPLE NO. 5-A 


















































EOC essiOr sMANUTACEU TG we ea: a) crits, gates Soft Mud, Sand Mold Machine. 
1S Ra 8 walk I 0 Wg ae ae Glacial, Surface Material. 
RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 
EDGE: FLAT 
Group 1 — Hard 
oe aa tens 
D126 5700 * 7045 
12230 4088 6043 
loz’ 4318 5505 
15.96 5223 4603 
17.07 ! 5052 5513 
Joe ee ee a 
13.95 4876 5742 | Pes 
| =e 
Group 2— Medium 
a ae ie oie : 
19.34 | 4439 ALO: 
20.41 3093 . 3404 | 
21.51 Stl2 4128 
22.90 ebeas = 2500 
23 .50 | 2810 3882 
pa30 |. Any ae 3603 1:1.08 
| 
Group 3— Soft 
a i. 2 
24.79 2320 | 2538 | 
25.46 1750 2531 
26.07 1550 2149 
27 .63 1409 | 2126 
29.39 1365 1944 
26.67 i 1679 2258 | Le i34 
| 
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TABLE IX—SAMPLE NO. 6 

















Process, of <Manntacture, cs... 320 oe eee Stiff Mud, Side Cut. 
Rind of Clay“ Used yo ee, ae oan hee Shale. 
RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 
EDGE! FLAT 








Group 1— Hard 


a 

















or 
1.67 | 9766 : 13150 | 
1.84 10156 14540* | 
2201 4530 | 11984 | 
amg! 10460 13470* | 
3.95 15685 12732 | 
2.63 : 9 | sims | de .80 
* Not crushed at maximum pressure available. 
Group 2— Medium 
cals a ESE To ~ 
5198 8965 10220 
5.64 | 10050 | 13960 
6.04 . 10100 | 13817 
7.02 10060 10734 
7.64 9774 10932 
6.05 C 9790 | 11932 | 1:1.22 
| 
Group 3— Soft 
Taree (. a | by sg 
14.54 | 4966 | 5847 | 
15.76 4113 4234 | 
16.01 4347 4146 
16.73 2795 » 3822 | 
17.54 3088 | 3747 | 
jean 3862 a 4359 1:1.13 
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TABLE X—SAMPLE NO. 7 





HEGCESS Ol VIANULACIUIE ca. sain an one Soft Mud, Sand Mold Machine. 
Far OT Ora ye OCCU ose ee: eases Glacial, Surface Material 
| RATIO 
ABSORPTION 


CRUSHING ON EDGE CRUSHING ON FLAT eee Se 





| EDGE: FLAT 





Group 1— Hard 














+ 
fie 3995 2963 | 
Wee S| 3130 3935 
ies 2871 | 9551 
ino7, 2748 | 2820 
18.38 | 3197 | 2890) | 
Te eee ie 3034 | 2878 1:0.94 
| 
Group 2— Soft 
Pees a | a 
21.18 1642 1934 
21.20 1338 1819 
31:39 | 1360 1969 | 
cieed ae 1410 2973 | 
2189 | 1356 1689 | 
31.43 | 1421 1937 | 1: 1.36 
| 
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TABLE XI—SAMPLE NO. 8 





















































Process: of Manutactire.. 27 ae Stiff Mud, Side Cut. 
Kind: of Clay Used... 52. ae ee Shale. 
| | | RATIO 
ABSORPTION | CRUSHING ON EDGE | CRUSHING ON FLAT | er 
| | _ EDGE: FLAT 
Group 1— Hard 
| = 
1.00 | 15190 13488 
1.01 | 11788 13539 
1.16 | 14000 14139* 
1.31 | 16956 13547 
ey | 17760 11442 
| sites ix, Feo pitoe'y: eammening 
1.19 | 15139 | 13232 | 10-86 
| | | 
* Not crushed at maximum pressure available. 
Group 2— Medium 
ROE aged | | 
5.69 | 10830 | 12865 | 
6.47 | 10402 12284 «| 
6.62 | 103380 12550 
7.46 | 9904 12385 | 
02 | 12924 11267 | 
6.75 | 10878 | 12260 | 1s ti2 
Group 3— Soft 
aes ae er 
11.96 5596 7953 
12:07 6567 | 7206 
12.96 6133 5102 
13.20 5315 5888 
13 262 ATSC. 5115 | 
12.75, , 5669 ¥ 6253 | 1:1.10 
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TABLE XII— SAMPLE NO. 9 
Processvot Nanttlacture: >. 400 fice eee Sass Sand-Lime. 
Kind or Material ised. c8i0ee o. ccesac ees Sand and Calcium Hydroxide. 
RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 
EDGE: FLAT 
11.65 2097 2718 
1206) 2156 2253 
12.66 1838 OTD 
Sromry 1865 2332 
13.24 1606 2780 
rege eo 1912 2579 ieeieea 
| SAMPLE NO. 10 
EGOCessuOh Mani ACIIre. «os een. evans so. Soft Mud, Sand Mold Machine. 
IGinidaet. Clayescd once. 4) -e ore es * ee, Glacial, Surface Material 
| RATIO 
ABSORPTION | CRUSHING ON EDGE CRUSHING ON FLAT | 
| | EDGE: FLAT 
| 
Group b=—Hard 
Ve29 3174 3323 
Ee 74 | 2890 | 2937 
17.96 TTT 779 
18.62 1138 1356 
19.39 2770 2596 
ico 2168 Oo 2198 1:1.01 
Group 2 — Soft 
ae Sap 
20 .24 1378 | 1975 
20.33 | 1986 1987 | 
Ud | Meise | 1970 2415 | 
20.83 | 1900 1861 
21.06 | 2210 | 1721 | 
| , 
20.60 | | 1889 | 1992 | Pek05 
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TABLE XIII—SAMPLE NO. 11 
* Process ‘of Manutactnresivi sees Soft Mud, Sand Mold Machine. 
Kind: of- Clay; Uséed.. tus seoey rs Glacial, Surface Material 
| RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 
EDGE: FLAT 
Group 1 — Hard 
See = : pus eee eee = 
18.71 5676 | 4766 | 
20.96 3881 | 3946 
21.26 4717 3823 | 
21.42 4335 4417 
21.83 3714 | 3904 | 
20.84 | 4465 | 4171 | 1:0.93 
Group 2— Soft 
af ee hs aaa = E ioe 
22.82 1171 | _ 1882 | 
23.05 2358 2394 | 
23.30 1706 1838 | 
pte 1722 , 1898 
24.03 1523 1842 | 
Doo 1696 1971 : beled h 
| 
TABLE XIV—SAMPLE NO. 12 
Process of Manutacture. sco. <r 3 oe eee Semi-Dry Press. 
Kind cot Clay Used: ) eae eee cae Neg ee Ae Cement and Sand. 
| | 
RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT | 
| | EDGE: FLAT 
nie : | | eae ae 
15.38 1335 2193 
17.56 998 | 1544 
19.79 659 | 1048 | 
20.31 | 940 | 785 
20-71 : 632 | 1012 | 
Be Bie ats Ta sn te Sons oh nen 
18.75 913 ! 1316 | 1:1.44 
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TABLE XV—SAMPLE NO. 13 


Epeee cS Ole MINN EACUULE Sy ten So fis oes excess = « Stiff Mud, Side Cut. 
Bemd: Gii@lay sedis (Ahh SERS L. Pee ea, Bi Shale. 
| RATIO 
ABSORPTION CRUSHING ON EDGE CRUSHING ON FLAT 





EDGE: FLAT 





Group 1— Hard 

















| | 
5.16 | 9052 7721 | 
5.42 | 9713 8400 | 
5.62 | 10078 9192 
5.77 10156 8670 | 
6.27 6148 | 8165 | 
5.65 | 9029 | 8429 | 1:0.93 
Group 2— Medium 
6.36 | 7892 9175 
6.59 7245 - 9193 
7.07 11482 8665 
4.22 11023 | 8175 
7.48 9246 | 8778 | 
6.94 9368 | 8797 | T0293 
| 
Group 3— Soft 
| 
7.40 8308 8881 | 
7.74 9625 7786 
7.78 9675 8115 | 
7.84 9942 8480 
8.12 1527 toe 8692 | 
7.78 9015 | 8391 | 1:0.93 
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ANALYSIS OF THE CRUSHING TESTS 


The purpose of this portion of this investigation was to get, 
as accurately as possible, the ratio between the crushing strength 
on the flat and on the edge, with the idea of possibly being able 
to translate tests which had been made on one system into 
roughly approximate figures on the other system. Which ever 
system may be adopted as standard, the thousands of tests made 
by the other system ought not to be wholly valueless. 


Mean. The first figure sought from the above data was 
the grand mean. This, taken on 170 bricks, in 34 groups of five. 
bricks each, representing 14 different products, (11 different 
clays, one being made up by two different methods, one sand- 
lime brick and one cement-sand brick) -gives the following: 











TAB EEX vil 
AVERAGE AVERAGE 
AVERAGE CRUSHING CRUSHING 
NUMBER. OF ABSORPTION STRENGTH ON STRENGTH ON MEAN RATIO 
BRICKS PERCENTAGE EDGE, LBS. PER | FLAT, LBS. PER 
SQ. IN. SQ. IN. 
170 | 14.10 | 5168 | 6238 | LET 207 
| 








Protessor At V.. Bleiinger inthe bureauvol  srindard. 
Laboratory, working upon 176 samples for the Supervising 
Architect of the Treasury Department (Vol. 12, Transactions 
American Ceramic Society, page 568) and using the same plan 
of cutting each brick into two as nearly equal portions as pos- 
sible and testing one on the flat and one on the edge, obtains 
very similar results, viz. : | 





| i | 7 ie 
CSA lay ponene 5399 | 6226 | PMB 








His samples were all obtained within a radius of 150 miles 
of Washington, D. C. The instructions were to represent 
materials of superior quality only. They were therefore, of the 
harder grades, and practically all made by the stiff-mud process. 
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Both clay and shale products were represented. The mean ab- 
sorption percentage of these 176 brick was not given in the tables, 
but calculated from the data given, was found to be 9.15 per- 
Cent. 

On the assumption that the two series ought to show a 
closer concordance, if the very soft material in the new series 
were not considered, so as to confine the comparison to material 
of about the same average hardness, those results of which the 
absorption exceeded 17.50 percent were eliminated, and the 
average absorption and the average crushing strength on edge 
and on flat were re-calculated. The results show: 


TABLE XVII 











NUMBER OF AVERAGE AVERAGE AV ERAGE 
BRICKS ABSORPTION CRUSHING CRUSHING RATIO 
REPRESENTED PERCENTAGE ON EDGE ON FLAT 
100 wget 7202 8452 1:1.184 
{ 

















A closer study of the relationship between the hardness and 
this crushing strength ratio as shown later, does not bear out 
this assumption, and the result shown above is probably for- 
tuitous. In any case, the chief point to be made in this con- 
nection is the fairly good agreement between the ratios found 
by two separate series of tests. 

Stiff Mud vs. Soft Mud. Separating the bricks on the 
line of the process of manufacture, the following comparison 
is obtained. | 
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TABLE XVIII 
CRUSHED CRUSHED | 
BRICKS ABSORPTION ON EDGE ON FLAT RATIO 
Stiff Mud Process 
| | | | | 
Meats ere oases 105 10.53 | 6875 | 8410 | .1:1.228 
Maximum! 5. >..22+ | 5 21.42 | 1905 | 4052 | 1:2.13 
Minimum Mana 5 1et9 | 15139 | 13232 | 1-07-87 
Soft Mud Process 
| | | | | 
NDE Ais ce fee ee 105 | 107335 4 6873 | Od 10a te eho e 
Maximum 552. 2.3 5 OO 6Lo | 1126 | 1640 | 1:1.46 
Manin 3.44008. & 1 204 | 4465 | 417] | 1:0.93 


So far as this data may be taken to indicate a principle, it 
is that stiff mud bricks, by reason of their more laminated 
structure, show a higher ratio between crushing on the edge 
and on the flat, than soft mud bricks do. In this connection, 
the Bleininger data being practically all from stiff mud bricks, 
is interesting. 





CRUSHED 
ON EDGE 


CRUSHED 


ABSORPTION ON FLAT 


RATIO 





| BRICKS 











| | 
MLGATIAG hee: ee | 176 | Beale | 5399 | 6226 | 121.153 


This falls between our stiff-mud mean and our soft-mud 
mean. 

Shale vs. Clay. It is conceivable that the plasticity and 
cohesive qualities of these two materials may differ so funda- 
mentally that they may make a characteristic structural difference 
which would be observable in their breaking under pressure. 


The data was now separated on this line, and is shown in Table 
XIX. 
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TABLE XIX 





AVERAGE 
NUMBER PERCENT- | AVERAGE | AVERAGE 





KIND OF CLAY = OF AGE CRUSHINC|} CRUSHING RATIOS 
BRICKS ABSORP- ON EDGE| ON FLAT 
TION 
| | | 
Sd wie es oo ae | 5 7.70 | 8264 9676 Mean 1.17 
| | | Max. 1.75 
| | Min. 0.87 
ae ae 
Bisson Clay os .25 ess fomeeoe 9} 20.50.) 8022) 8898 | Mean’ 1.25 
| | | Max? 2-13 
| | | | Min. 0.94 
| | 





No principle of importance seems clearly brought out by 
this comparison. | 

Hardness of Burning. Assuming that the completeness 
to which the porosity of the clay is extinguished is a fair meas- 
ure of its hardness, and dividing the bricks up into groups on 
the basis of their absorption property alone, and neglecting all 
considerations of process of manufacture, kind of clay, etc., we 
get the following: 


TABLE XX—VITRIFIED BRICK GROUP 


Absorption average not above 5 percent 
(Individual tests not exceeding 6 percent) 


2.32 


ABSORPTION | CRUSHED ON EDGE | CRUSHED ON FLAT | RATIOS 
percent | 
2.06 7659 13262 | Maxeclii.7s 
3.42 11283 | 13001 
2.63 + “10119 13175 | 
i | 15139 13232 P= Min, --15087 


11050 | 13167 | Mean 1:1.19 
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TABLE XXI— HARD BUILDING BRICK GROUP 


Absorption average between 5 and 12. percent 
(Individual tests not exceeding 15 percent) 














ABSORPTION CRUSHED ON EDGE CRUSHED ON FLAT RATIOS 
percent 
5.26 8945 12298 
8.01 5934 10134 Max. 121.70 
6.05 9790 11932 
6.75 10878 12260 
5.65 9029 8429 
6.94 9368 8797 
LAS 9015 8391 Min. 1:0.938 
6.63 8994 10320 : Mean 1:1.14 


TABLE XXII1— COMMON BUILDING BRICK GROUP 

















Absorption average between 12 and 20 percent 
(Individual test not exceeding 24 percent) 











CRUSHED ON FLAT 








ABSORPTION CRUSHED ON EDGE 

percent 

13.19 4693 
LOE 2580 
19,27 2880 
12.17 5027 
16.67 2835 
16.16 © 4991 
18.39 4111 
13.95 4876 
16.11 3862 
17.50 3034 
12.75 5659 
12.66 1912 
18.22 2168 
18.75 913 
15.96 3040 














6534 
3088 
3214 
5860 
3996 
7947 
7742 
5742 
4359, 
2878 
6253 
2572 
2198 
1316 


4535 


RATIOS 


Max. 


Min. 





Mean 


Pless 


1:0.94 





Pets 





cel 
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TABLE XXIII—SOFT BRICK GROUP 


Absorption average above 20 percent 
(Individual tests above 24 percent) 




















ABSORPTION CRUSHED ON EDGE CRUSHED ON FLAT RATIOS 

percent 

23.15 1126 1640 

20.83 1508 2075 

21.42 1905 4052 Masel -2413 
21.53 Boot 3603 

26.67 1679 2258 

21.43 1421 1937 

20.60 1889 1992 

20.84 4465 4171 Min. 2:0.93 
23.34 1696 1971 

22 .20 2114 | 2633 Mean 1:1.24 














Assembling the averages of these four groups we have Table 
Rony 
TABLE XXIV 


























MEAN MEAN 
GROUP DESIGNATIONS MEAN CRUSHING CRUSHING MEAN RATIOS 
AE ORE TON ON EDGE ON FLAT 
NW idttheds brick (£2. 5: Dea 11050 13167 Le t9 
Pia rdmericik ie a3 Se 22% 6.63 8994 10320 let, 
Medium Brick 2.2; 15.96 3540 4535 Peie28 
SO Mees riche), Foe cake 22-20 2114 2633 | teh o4 
Table XXIV shows very nicely the intimate relation 


between the hardness, as represented by the percentage of ab- 
sorption, and the crushing strength, however it may be meas- 
ured. This relationship has been fully brought out elsewhere, 
notably by Bleininger, to which reference has been made. But, 
no particular light is shed on the question of the ratio between 
the two modes of making the crushing test. The order of the 
figures does not suggest any causal relation between hardness 
and mode of crushing. 

Translation of Terms by Calculation. The weight of this 
evidence seems to establish pretty clearly that the crushing 
strength developed by bricks in general upon edge is about 
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83 percent of that when crushed upon the flat, or that the 
crushing strength upon the edge being taken at 1, the strength 
upon flat will be about 1.20. Including the evidence brought out 
by Bleininger, the figures would be 85 percent, or I :1.175. But 
it is quite a different thing to say that in any given case, the 
strength in one position being known, the strength in the other 
position could be safely computed. To make such computations 
of any value, it would have to be shown that not only is the mean 
value of this factor securely established, but also that the fluctua- 
tion of the individual components from the mean is not large. 


A study of all data on this point shows extreme variability. 
The mean in this series being I: 1.207, the maximum was 1: 2.13 
and the minimum 1: 0.87. Furthermore, it has thus far been 
impossible to correlate these wide divergences with any single 
factor, at least not to any strong degree. It does not seem to be 
a function of the degree of vitrification, for we find high ratios 
and low ones in every absorption group. It does not seem to 
be a function of process of manufacture, for though the most 
extreme variations in ratios are found among the stiff-mud 
bricks, the fluctuations in the soft mud group are also wide. It 
does not seem to be a function of the kind of clay used, for wide 
ranges of ratio occur in both the shale and clay groups. 


It must be further borne in mind that in every instance, 
we are dealing here with averages of five bricks. If our study 
descended to comparisons of individual bricks, the fluctuations 
would undoubtedly go to still wider limits. 


So far, then, as the present study shows, we cannot safely 
translate data made by crushing on the flat into terms of crush- 
ing on the edge, except in large masses or averages, and here 
with many reservations. The fact that crushing on the edge 
is now coming to be accepted as being the better method will 
probably lead to the increasing accumulation of data by that 
process, but for some time yet the store of records of crushing 
tests made on the flat, will continue to be the ones most generally 
quoted. All new tests should certainly be done by the A. S. T. 
M. specifications, 7. e., half-brick crushed on the edge. 
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THE FREEZING TEST BY SODIUM SULPHATE 
The apparatus and equipment required for this test is ex- 
ceedingly simple. Beyond the few tanks for soaking the bricks 
in the sodium sulphate brine, and one for steaming the bricks 
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before putting into the drier, there is practically nothing re- 
quired but the driers. Upon these centers the efficiency of the 
process, for it is rapidity of drying that means rapidity of crys- 
tallization, and hence the activity of the process. 
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The Driers. The drying ovens in which the crystalli- 
_ zation takes place required some considerable adjustment. Diffi- 
culties arose in securing 110° C. promptly in any small oven, 
when filled with a charge of cold, saturated brick. The time 
required to heat the oven is likely to be too long, or the heat 
distribution is likely to be irregular. A large oven, containing 
so great a mass of hot material that the introduction of a few 
charges of wet bricks is unable to chill it off appreciably, is un- 
doubtedly the most desirable tool, but to install and operate such 
an oven for this test alone is expensive, and would prejudice 
the wide use of the process. Accordingly our efforts were 


TAANS. fit. CER, 206. VOL.AWI/ FIGsL. OFTON 


lr DOOr 
Asbesios Loa 





directed towards developing a small cheap oven that would do 
the work fairly well. 

Figures 1 and 2, show the oven that was finally adopted. 
It was built of sheet iron, with riveted seams. -No solder was 
used. It consists of an inner oven, holding twenty bricks per 
charge, excluding four on the bottom which are permanent and 
serve to store and distribute the heat. This inner chamber is 
ventilated by an inch and one-half inlet pipe bringing in free 
air, and two and one-half inch outlets from the top. It opens 
with a pair of close-fitting, over-lapping, inner doors on the front 
side. It is provided with a sheet-iron, perforated, false floor, 


A COMPARISON OF SOME OHIO BUILDING BRICKS 715 


one inch above the real bottom, which distributes the in-coming 
air supply over the whole cross section. 

It is surrounded by an outer sheet iron oven, and sepa- 
rated from it on all sides by a one and one-half inch air space. 
The outer oven is provided with an inch coating of magnesia- 
asbestos insulating cement. The heat is supplied by a row of 
four bunsen burners, connected direct to a one-half inch gas 
- line, and the flames impinge upon perforated discs, riveted to 
the floor of the inside oven. These discs save the oven floor 
mome-burming sout, and help to distribute the heat... The hot 
products of combustion completely surround the inner oven, 
and. escape from a‘two inch chimney in the center of the top. 
No combustion gases pass into the inner oven, except by leakage, 
and as air flows freely in at the bottom and out at the top, there 
is no difference in pressure to cause any important leakage in- 
wards from the outer air space. 

The performance of this oven was found unsatisfactory in 
the beginning, due to the chilling down from a freshly inserted 
charge. Even when the oven itself was heated much too hot, 
the surplus heat stored in it did not go far towards heating up 
the charge of wet bricks, nor did decreasing the charge and 
partly fillng the oven with preheated dry bricks, remedy this 
trouble; besides, this seriously cut down the drier’s capacity. 
Finally, the expedient of heating the saturated bricks before 
placing them in the oven was tried. The bricks were set on sup- 
ports in a covered tank, containing an inch or so of sulphate 
brine, and the brine boiled. The bricks were thus surrounded 
by steam and rapidly took on the steam temperature. When 
hot through and through, they were quickly transferred to the 
already heated drier, the door closed, and the operation began. 

The following table shows the temperature behavior of the 
oven after its irregularities had been controlled to the greatest 
practical point. The measurements were made near the top and 
bottom of the inner oven. 
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TABLE XXV 





| TOP | BOTTOM | MEAN 
: } 

Oven pre-heated for reception of | a 

CHATOC weet he eu irces Sa tet oY | aT 1 Re ee see OF 
Ge Nourraiter chareniig .i¢ 000 sie. ite: 98° 100° 
PL WOm Oren eee ooo fbn reat 120° pias Le 
SEMreC* MOE Siege ts Pes hae we se they Ue 114° 
Five.hours ...... Pee Ee atototene a0 118° dA 
SiS Nr ates ches hoc Gk ae es 107° 118° 112.5° 
DeVeme MOTs nse A eet PST 105° 114° 109.5° 
ME Weety One siGUrS=, Gris: ween ee dé 103° ies 108 .5° 
Pv city =t ROC uA ONES cs op n.d ee eece eye 104° aie) seis 115° 109.5° 





Figure 3 shows this data in graphic form. It was always 
impossible to heat the top to 110° without considerably over- 
heating the bottom. The top outstrips the bottom for an hour 
or two in the beginning, but when the chill caused by the rapid 
evaporation is over, the bottom passes the top in temperature, 
being nearer the actual flame. 


The apparatus is by no means perfect, and takes attention 
once an hour in regulating the gas during the first eight hours 
of a run. Any small oven, no matter how heated or controlled, 
would have the same general difficulties to contend with, and 
large ovens are impractical, except in large permanent labora- 
tories where the bulk of work is great. The type of oven here 
described is cheap, simple, and fairly efficient, if watched with 
proper care. It costs less than thirty dollars installed, ready 
for use. 


Figure 4 shows the rate at which this drier removed water 
from a brick under treatment. About 45 percent was expelled 
in the first three hours, and 55 percent in six hours. The dry- 
ing was practically complete in eighteen hours. 


Figure 5 shows the installation, consisting of three driers 
used in these tests. This view, supplementing Figures 1 and 2, 
should enable any one to have a similar oven built by any good 
tinner. 


The Method of Using the Sodium Sulphate Process. The 
method used was essentially that of the Howat paper, advanced 
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copy of which was obtained for consultation in this respect. The 
procedure is as follows: | 

The dried specimens are immersed in a saturated solution 
of sodium sulphate at room temperature for twenty-four hours. 
They were then transferred to a drying oven maintained at 
110° C. for twenty-four hours. From the drier, the bricks were 
again immersed in the sulphate solution for twenty-four hours. 
To record the effects of each “freeze,” the bricks were photo- 
graphed. It was found that the destructive effects of the “freeze”’ 




















Ke a 


were not observed on first taking the brick from the oven, but 
developed only upon “thawing” in the solution. Accordingly, 
the photographic records were made after the bricks had been 
in soak for an hour-or more. 

The Strength of the Solution. Mr. Howat complained 
that the process was too severe as compared with the freezing 
process, and Professor Bleininger corroborated that view. It 
seemed worth while, therefore, to experiment a little on modes 
of reducing the severity of the process, before applying it to our 
extensive series of bricks. 
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In theory, the destructive action of the sodium sulphate is 
‘due to the expansive force of the crystals forming in the pore 
system of the body treated. If it were possible to completely 
fill the pores with an anhydrous solution, like that of a fused 
metal for instance, which would suffer no loss in weight in 
cooling, but would expand in solidifying, it is evident that the 
destructive power would be immense, and that nothing could 
stand it, unless the cohesive strength of the mass exceeded the 
expansive force due to crystallization. | 

But with a water solution, of which three-fourths must 
evaporate before the contained salt has all solidified, it is evi- 
dent that the bursting pressure cannot be applied with any ap- 
proach to completeness, for the spaces vacated by the water 
‘are much greater than the salt can fill. Hence, disruption of 
the stone only occurs where a crystal forms in some relatively 
narrow canal or pore, blocking it in both directions. For this 
-reason, whether it be water or a solution of a salt the first freez- 
ing seldom produces very serious disintegration. | 

Inthe case “of sodium» sulphate, or any other salt in a 
water solution, the first freezing leaves in the pores of the brick 
all of the salt which the saturated solution brought in. This 
is a solid substance and decreases the voids of the brick by 
just that much. Now, if a second treatment be used, and more 
saturated solution be introduced into the residual voids, and 
this in turn be crystallized by the removal of the water by 
evaporation, the new salt added will be a straight addition to 
that left from the first evaporation, and its expansive force will 
be exerted in a; closer, more ‘confined space than the first time. 
Each successive impregnation with solution, and crystallization of 
its contents, will reduce the void spaces of the brick by the vol- 
ume of the crystals introduced, and will exert its bursting pres- 
sure in a more confined space. 

In short, the action is cumulative, if a saturated solution 
is used. The pores become more nearly full of salt with each 
evaporation, since the incoming solution, being saturated, can- 
not dissolve any of the salt already there, and adds its own 
burden on evaporation. 
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It seemed to the writer that if the first charge of solution 
were saturated, but that in thawing after the first evaporation, 
a short treatment in pure water were used, the sulphate crystals 
in the pores of brick would be re-dissolved, and therefore re- 
crystallization could only apply once more the same expansive 
force exerted by the crystals carried in on the first charge. 
Similar repetitions of the crystallization and solution, would 
be dealing with the same expansive force each time, and the 
pore system would not become choked, and unable to give relief 
to the pressure. Such a process should certainly slow down the 
destructive power complained of in the Howat paper. 

Accordingly, three batches of bricks not needed in the prin- 
cipal investigation were prepared and submitted to the two 
treatments, side by side. In the one, the solution used was 
saturated; in the other, the first immersion was in saturated 
solution, but the thawing was done in rain water for one hour, 
and the bricks were then transferred to saturated brine for the 
‘twenty or so hours remaining, prior to placing again in the drier. 
The purpose of this one hour treatment in pure water was to 
permit re-solution of the first charge of crystals each time, and 
to fill the voids of the brick with this solution. The soaking 
in the saturated brine afterwards, was to safeguard loss of the 
initial charge of sodium sulphate from the brick, by leaching. 

The results of these preliminary tests are shown in 


Pable DXi 
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; TABLE XXVI—SAMPLE NO. 3 
LOOSEN Test Cell ea | buee bu oles cee ae me Soft Mud. 
SP ay 00) HE eS EE eet ee ee Glacial. 
SATURATED SOLU- MODIFIED 
TION TREATMENT TREATMENT 
| | 
Brick 1 22:62 Brick, 6 | 21.68 
el 20.20 it 20.59 
Absorption percents 3 19.68 8 | 20.08 
of bricks ; 4 19.60 9 | 19.65 
5 | 19.47 10 | 19.56 
Average 20.31 Average | 20.31 
First treatment No noticeable effects No noticeable effects 


Second treatment No. 1 considerably 
affected 


No. 4 slightly affected 


Third Treatment 
No. 3 corner off 

Fourth treatment No. 1 gone 

No. 3 corner more de- 
stroyed 

No. 5 corner begun to 
go 

Fifth treatment No. 1 gone 

No. 8 ends gone 

No. 4 edge gone 

No. 5 end gone 


Sixth treatment 
creased on all re- 
maining bricks. No. 
5 almost gone 


Seventh treatment Not continued 


Eighth treatment Not continued 


Ninth Treatment Not continued 


Tenth treatment Not continued 


Eleventh treatment Not continued 


Twelfth treatment Not continued 





Nanibalhehelted wit. 





Effects slightly in- 





noticeable effects 


noticeable effects 


No marked effects 


Slight effects 
for first time 


noticed 


Not much change 


Edges begun chipping 


off from 6-7-8 and 10 


No increased effect ap- 


parent 


Edges and ends of No. 
9 begin chipping off 


Very slight change 


Very slight change 


Very slight change 
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TABLE XXVII—SAMPLE NO. 7 



























































Process 6t Matiufacturée ss -69s02 ee eee Soft Mud. 
Krad “of Cla yan eects ake eee iid a, Son asin Rech ey eee Glacial. 
SATURATED SOLU- MODIFIED 
TION TREATMENT TREATMENT 
| ma 
Brick 1! 18.41 | Brick 61 18.84 
2 | 20.79 a4 20.91 
Absorption of test | 20.87 8 20.82 
pieces 4 | 20.87 9 20.68 
5 | 20.44 10 | 20.14 
Average | 20.27 Average | 20 27 
First treatment No noticeable effect No noticeable effect 
Second treatment No noticeable effect No noticeable effect 
Third treatment No. 2 begins to fail No noticeable effect 
Fourth treatment No. 1 and No. 2 gone,! No marked effect. 
3, 4 and 5 affected 
seriously 
Fifth treatment Nos. 3, 4 and 5 still | Slight general effect 
holding together but can be noticed 
badly flaked 
Sixth treatment Nos. 3, 4, 5 still re- | Slight general effect 
maining, but badly can be noticed 
defaced 
Seventh treatment . Not continued after | Noticeable increase in 
sixth treatment attack. - All  super- 
ficial 
Twelfth treatment . All bricks survive, but 


Nos. 8 and 9 pretty 
badly defaced. All 
somewhat affected 
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TABLE XXVIII— SAMPLE NO. 10 
RO Cea ce Ore WIE PACE IRUC toc ck ei Re Sine She we 3. d ane emp acele beds Soft Mud. 

PCH Te Oa eee ers eee a Ua ee a Sve e os Che beh Glacial. 

SATURATED SOLU- | MODIFIED 

TION TREATMENT TREATMENT 

| 

Brichlg-= 1} 19.65 Bricks: 26 19.56 
2 | 19.80 te EME 
Absorption of test 3F 19.29 8 19.96 
pieces 4 | 20.17 9 20.17 
5 | 20.18 10 20.08 
Average | 19.81 Average | 19.91 


First treatment 


Second treatment 


Third treatment 








No noticeable effect 


No 1 starts to crumble 


No. 3 seriously at- 
tacked 





No. 4 one end affected 
others all im bad 
shape 











Fourth treatment 
Fifth treatment 
Sixth treatment 


Twelfth treatment 


No. 4 one end off, 1-2- 
3-5 gone 


No. 4 still holding to- | 


gether 








No. 4 still holding ree 
gether 








Discontinued at sixth 
treatment 





No noticeable effect 


No noticeable effect 





Slight noticeable effect 





Slight noticeable effect 


Slight disintegration on 


all samples 





No. 7 loses an end 





All bricks whole, cor- 
ners gone, surface 
somewhat flaked 





In order to enable these impressions to be more fully 
grasped, Figs. 6 and 7 reproduce the photographs of the two 
series at the fourth and twelfth treatments respectively. 

The results of these tests showed several things: 


rst. 


That under the standard process, using only saturated 


solution at every immersion, all three samples were quite rapidly 

attacked. All were soft bricks, of rather high absorption. 
and. Bricks of practically identical absorption, but of dif- 

ferent makes, resist the action of the sulphate quite differently. 
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In the fourth treatment, one sample had only one mutilated 
brick left. Another sample, of slightly higher absorption, had 
four bricks left, in relatively good condition. 
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AVERAGE 
Absorpiior? 


20.3/ 


20.27 


/28/ 


3rd. By use of pure water at the beginning of each thaw- 
ing for an hour, the severity of the test is very greatly mitigated. 
Twelve treatments have not produced nearly so much destruc- 
tion as four treatments by the standard process. 
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4th. The severity of the standard process, while undoubted 
in the case of very weak material, should not be condemned 


until tried more fully on a series involving a~complete assort- 
ment. 


° 
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On the strength of these experiments with the apparatus 
and with the method, it was now decided to go ahead upon the 
material of the principal series. 

The Regular Series. This involved giving five repeti- 
tions of the treatment with saturated sodium sulphate brine, 


Fic. 8. 


Fic. 9. 








making photographs after each complete treatment to enable 
study of the progressive changes, upon 34 lots of 5 bricks each. 
Each lot required ten days to come through, but two could be 
carried forward together, using the drier on alternate days. The 
whole work with the sulphate took about two months. 


> 
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In order to condense the data, the following symbols were 
adopted to express the. various stages of destruction which the 
different samples exhibited: 


TABLE XXIX 





















































| NUMBER OF 
SAMPLE 
SYMBOL INTREPRETATION | ILLUSTRATING 
| THIS TYPE 
A | No apparent effect | Sample 1 
| | | Group 1 
Figure 9 
B Very slight superficial disintegration, with- | Sample 12 
| out cracking | Group 1 
_No apparent loss of strength | Figure 31 
Cc Considerable superficial disintegration—loss | Sample 1 
of some corners or edges probable | Group 3 
or | Figure 9 
Development of small cracks, without disin- OF 
| tegration | Sample 2 
| No evidence of marked internal weakening | Group 1 
Figure 11 
D | Severe superficial disintegration with loss of | Sample 4 
corners and edges | Group 3 
or / Figure 15 
Development of serious structural cracks 
Internal weakening evident 
E Mutilation by splitting off of large pieces, | Sample 5 
| or breaking into bats Group 3 
Structure shaky and strength practically gone | Figure 17 
F Complete failure 











For convenience, these symbols will be called Disintegration 
Coefficients. 


The tables which follow are arranged to bring similar proc- 


esses of manufacture together, and without regard to the order 
of the sample numbers. 
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TABLE XXX—SAMPLE NO. 1 





























Process: of. Manutacturé...c. occ kode eee Stiff Mud, Side Cut. 
Kind of Clay” Used co. eee ae eae Shale. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GROUP NO. CRUSHING 
AND MFRS | srRENGTH 
GRADING ON EDGE FIRST | SECOND] THIRD |FOURTH| FINAL 
BRICK PERCENT TREAT- | TREAT-| TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | | 
1 Aea3 A A A A 
2 5:23 A A A A 
if 8945 — 3 6.14 A A A No A 
Hard | 4 5.32 A BA «GAN: Usd See are 
| 5 5.14 A-.| -A A A 
Mean Daze : 
| | 
rcs 
: 1 Sie 2662 A A A A 
| De ta 12 E80) Ave cA B B 
a 4693 Caen 13.10 Ax | ah live SA No A 
Medium 4 13.57 AeA WAS Gs eae heres arn 
5 13.88 A | A B B 
| Mean | 13.19 ese is 
| | 
Ph ieiG cen eieh ba 
| | 1 | LS 267, A | A B ‘5 
| 2 18.64 A | A B (Ss 
3 2580 | ee 17.86 A | A B No C 
Soft | 4 oy wee A A B data C 
| | 5 | 15.35 A | A B & 
| : Mean 17.66 : | 





REMARKS. This was a well selected series, representing fairly the capacity 
of this clay, made up by this process. The softest grade, after five treatments, 
was considerably defaced, but not weakened internally, so far as could be judged. 
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TABLE XXXI—SAMPLE NO. 2 


























BE CCOson Pe aN ACUUEC ak fos eis as se eee Stiff Mud, Side Cut. 
Kind of Clay Used... eee cece eee cece cee eee ne Shale. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
GROUP NO. Se DISINTEGRATION COEFFICIENTS 
AND MAKERS’ | crppNGTH 
GRADING ON EDGE FIRST | SECOND] THIRD |FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT-| TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | 
| 1 LeOF Ao: As | A A A 
| Z 1.34 A} A G C Ee 
1 | 7659 3 Zeal Y iaee ees 3 Gat A A 
Hard ---| 4 Pps 1 aes Ge ae eg A A 
| 5 2.52 A A | A A A 
Mean | 2:00 | 
| 
| | 
[ | 1 | 4.38 Ae isk A A A 
| 2 Saou A | A A | A A 
a 11283: | Bo. al BewAl) A Ao A A A 
Medium | aa 3210 AY cole ARS AA A 
| Lea, 2.68 A | A | A A A 
| Mean | 5.45 | | 
| | | | 
1 | 9.12 . Al A A A A 
2, 8.97 A A A A A 
Bs} | 5934 3a ie 8.04 A A A A A 
Soft | 7 ek | 1220 r,s ams A A A 
| 5 | 6.40 A : A | A A ay 
| Mean | 7.92 | | 














REMARKS. This series was not well selected. The soft set should have 
been graded medium, and much softer material furnished for the last group. 

The one brick which was affected was evidently steam-checked in drying 
or burning, as the surface was a mass of intersecting cracks, very shallow, and 
apparently not injuring the strength. 
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TABLE XXXII—SAMPLE NO. 6 


Process of Manufacture 


Kind of Clay Used 


5h, ieee 2 te aga tee See en Stiff Mud, Side Cut. 
Pe Ss Oe ee ee Shale. 














CONDITION OF BRICKS AFTER EACH SUL- 




















ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
GROUP NO. BN DISINTEGRATION COEFFICIENTS 
AND MAKERS cp aneru 
GRADING ON EDGE FIRST | SECOND} THIRD |FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT-| TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | 
T 2730 A A A A A 
- 2.00 A A A A A 
i 10119 3 152 A A | A A A 
Hard 4 Bel A A A A A 
: 5 3.94 A A, he SON A A 
Mean OETA | 
| ee 
hes) 4.30 A Tea ed Cane Weak A 
| 2 ue A A ACO A A 
2 | 9790 3 6.00 NG ga A A A 
Medium | 4 eae Ae COA, oxeN A A 
| % | 7.61 A Pte is Ak A A 
: | Mean 6.06 
E F a : 3 4 
| ti Goo A Cy FR e: D E 
| 2 16.88 A A D Dialer 
3 | 3862 3 16.48 A A D D E 
Soft | 4 aa! A A c D E 
! D | 1 YA | Ae Ga loeey A ee fy Meal 
| : Mean 16.09 











REMARKS. A 


well selected series, 




















with proper extremes. 


These bricks break down by cracking along their lamination planes, not by 
The third group was ready to go to piecés completely 
after the fifth treatment. 


surface disintegration. 
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TABLE XXXIII1— SAMPLE NO. 8 












































Process” of “Mantifacttire:<1.4.<c.0 3 eee ee Stiff Mud, Side Cut. 
Kind.of Clay <Uséds... nesses tet oes eee Shale. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GROUP, NO. | CRUSHING 
AND MAKERS ©] crnencen 
GEAUENG ON EDGE FIRST | SECOND| THIRD | FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT- | TREAT- | TREAT- | TREAT- 
NO MENT | MENT | MENT | MENT | MENT 
| | | es a ele | 
1 . 0.80 A A A A A 
2 101 ACW pi PSee eee A A 
1 15139 3 1-01 Ac Veer ey A A 
Hard | 4 155 AS gc. A A A 
5 1.99 A | A A | A A 
eG el 
| Mean | 1.22 | | 
| | | 
| 
1 ear fil A | A A | A A 
| | 2 6.60 Ay AS aa Aaa ee A 
2a | 10878 | 3) 7.44 A | A Be oy ee A 
Medium | | 4S DI 1.80 AL are A A | A A 
| | 5 | 6.96 Ae A A A 
| | Mean | 6.81 | | 
pe Sly 
| | | | 
| | 1 | 13e55 A A A A A 
2 1304 A A Aout A 
3 | 5669 | etn Bm en 8) A A ols AsShcehk A 
Soft | 4 | be A | A A A A 
| | 5 | 12215 A A A A A 
| | Mean | 12°74 wikia mak. 





Piet a This was a well selected Series, with extremes both repre- 
sented. 
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TABLE XXXIV —SAMPLE NO. 13 



























































Procéss: of “Manutachire.¢ 3.) oot eee oe Stiff Mud, Side Cut. 
Kand: of Clays Used xs cae ee ee eee Shale. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GEE ey) aU SELIM . = 
AND MAKERS |. oe worn | 
GRADING ON EDGE FIRST | SECOND) THIRD |FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT-| TREAT- | TREAT- | TREAT- 
NO. MENT MENT | MENT | MENT | MENT 
| | | | | 
i) 5.04 A A A | A A 
oo 5307 At er A | A A 
i} 9029 3 5.00 A A A | A A 
Hard 4 5.59 A A Rin eA A 
5 | 5.98 A A A | A A 
Mean | 5.38 | 
| ue 2s 
| | ve 
1 | 7.36 A A A A A 
2 T.30 A | A Aa eA Sey 
2 9015 3 (eval A A AG a eA A 
Soft 4 t.29 A A Ans). SAGs 
! a | 7.00 Ac “To A | A A 
| Mean | 7.94 sa | 
| | | | 
| | | 
Not | | | 
fur- | | | 
nished_ | | | 
| 


REMARKS. This. series was not well selected. The difference between 
grades is too little to give an idea of the real limits of the material. 
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TABLE XXXV—SAMPLE NO. 5 


Process of Manufacture........ 


oney ey ead 


EsindeOleGlay Used... seas. su decane. 














Stiff Mud, Side Cut. 
Glacial, Surface Material—Plastic. 
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CONDITION OF BRICKS AFTER EACH SUL- 





























ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GROUSE OV CRUSHING =. S : 
AND MAKERS’ | orpencTH 
GeerinG ON EDGE FIRST | SECOND] THIRD |FOURTH| FIFTH 
eS PERCENT | TREAT- | TREAT- | TREAT- | TREAT- | TREAT- 
NO MENT | MENT | MENT | MENT | MENT 
| | | | | | 
| 1 IESE SAS Sy oe sabre 
| 2 | 15.66 Ae SoA A A A 
I | 4991 y 15.46 A | A A A A 
Hard | 4 | ies A | A A A ‘e 
| 5 | 16.93 A | A : A | A | A 
: Mean | 16.12 | | | 
| peas I | 
| | | | | 
| i 18.10 A eas ewe’ A A 
| | 2 17.96 ea pe Va aa A A 
2 | ait} 3 San Brest 7): ae aed = Val aes 28 A A 
Medium | Ae he 0 NS AeA He A yhoo GC 
| 5 | {8237 Pa eA | A B & 
| Mean | 18.40 : | | 
| | | | 
| | 
| ) 21.05 A A D. | oF — 
| 2 AA Ned A ee he AN be EE E 
3 | 1905 3 2508 A | A 8B) E 
Soft 4 - 21,48 Ase SA Clee) E 
| 5 | BEE Ach ile a | D | E E 
| 21.48 | | 


| Mean | 














| 





REMARKS. This series did not contain a group of sufficiently hard ma- 


terial to make it representative. No. 


1 should 


a new set of 10-12 percent absorption, or less, obtained for the hard group. 
This material fails along lamination planes — not by granulation. 


have been called medium and 
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TABLE XXXVI—SAMPLE NO. 4 









































Pinca: Ole Manutactines. <a. s + sk ik ois oh wt Stiff Mud, End Cut. 
PEGI PMS ilar UE Te age Ae ee Alluvial, Plastic Material, 
CONDITION OF BRICKS AFTER EACH SUL- 
_ ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
GROUP NO. penn DISINTEGRATION COEFFICIENTS 
AND MAKERS’ | srpencTHu 
cee Ne ON EDGE FIRST | SECOND| THIRD |FOURTH| FIFTH 
BRICK PERCENT | TREAT- | TREAT- | TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| 
1 13.75 A A | A A A 
2 12.60 A Pate & A A 
1 5207 3 12.30 A -A | A A A 
Hard 4 12.11 A A A A A 
| 5 10.41 A AL A. A A 
| Mean 12.23 
| | | | ) 
| | il 15.46 A A A A A 
| | 2 16.05 A A A A A 
2 | 2835 3 15.65 Rey |e A: B B C 
Medium | 4 18.96 Ate Lee A A A 
| 5 17.25 A B B B G 
| | Mean | 16.67 
| | a a ee oe 
| | | or ee Cee 
1 22.39 A | B C D F 
2 21.95 A GarAG Gc D 
1508 3 20.96 Ags leet) a — —~ 
Soft 4 19.70 AO D D D 
5 19.10 A Gc C D D 
| | Mean 20.82 





REMARKS. A pretty well selected series. 

These bricks fail by cracking in flakes along the lamination planes. Be- 
ing end cuts, their cracks run Hetae from the others preceding, but pro- 
ceed from the same cause. 
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TABLE XXXVII— SAMPLE NO. 3 
Process hofuiManiuiacttre Soot eee ee Soft Mud Machine. 
Kind: of Clays ee Per ernie Bet iyist Plastic Glacial Surface Material. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA | PHATE TREATMENT EXPRESSED IN 
MEAN | — | DISINTEGRATION COEFFICIENTS 
GROUP NO.” ‘| cRUSHING 
AND MAKERS’ | Siguwoncs 
CEADING ON EDGE FIRST | SECOND] THIRD |FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT- | TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | | | 
1 18.89 A A A A A 
2 18.28 A A A-| A A 
1 | 2880 Ma) es: 19.96 A A A A Se. 
Hard 4 19.80 Ay ih Gah A A A 
: 5 | 19.42 A A A Asi A 
| Mean | 19228 | 
| | 
i 26.26 Ss D | ee ee — 
2 24.50 LG D Fr ligees — 
2, 126° 4 3 23.43 ee. FE; Bo ieee — 
Soft | 4 22400 A A AS Sy AGA 
‘ a | 20.28 A A A | A | A 
Mean 23 36 | | | 
| | | 
| | | | 
3 | | 
Not | | | 
fur- | | | 
nished | | | | | | 
| 











REMARKS. This series was probably well selected. The difference in 
mean absorption is not great, but the line between safe burning and too soft 
burning is clearly marked. Group two especially emphasizes this. These bricks 
disintegrate, rather split. : 
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TABLE XXXVIII— SAMPLE NO. 5-A 


Soft Mud Machine. 
Plastic Glacial Material. 


Process of Manutacttire pam seo eee 
Kind wofeGlay’ Used aicnowacins ante eee 




















CONDITION OF BRICKS AFTER EACH SUL- 
PHATE TREATMENT EXPRESSED IN 


DISINTEGRATION COEFFICIENTS 























ABSORPTION DATA 
MEAN 
GROUP NO. | crysHING 
AND MAKERS’ | crrENGTH 
GRADING ON EDGE 
BRICK PERCENT 
NO 
| | 
| i 124 
| ee ee bi} 
1 A876 | 3 12.61 
Hard | At SIA be 
| D 17.39 
ee ee 
| Mean | 13 .92 
| | 
1 19.74 
| 2 OED) 
2 3337 B. i weieed 
Medium | 4 23.19 
| D | 23.41 
| a es 
| Mean : 21255 
| | | 
| Lio 248 
| Ye 29.60 
3 | 1679 3 2S nol 
Soft <4] | An le 2641 
| 5 | Joel 
| Mean | 26.86 


FIRST SECOND} THIRD |FOURTH| FIFTH 
TREAT- TREAT- | TREAT- | TREAT- | TREAT- 
MENT MENT MENT MENT MENT 
| | i | 
DOR. Ne et Ae A 
A a eo 8  ee's A 
A A eee bit acne A 
A ae ailevae > up 8k A 
A A | eh en A 
meee 
| 
| | | 
Amey eons eee. | GC C 
A eae © ae A A 
AGT es A aaa A 
a ey | Cc | Cc C 
Is ed et | A A A 
ie. 
| | | 
| | 
Rails eG a Aes A 
Ce ate Sao ae 
A | Brea | — — 
A BA Picea aN A 
A A Pa A A 


REMARKS. This was a well selected series. The clay will not burn to 


a dense body, at any temperature. 


The test has picked out the two soft burned samples that are clearly 


over the line, very promptly. 
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TABLE XXXIX—SAMPLE NO. 7 





























Occ aOR Ut OCR aero es Soft Mud Machine. 
TOGA EU SOU yar aCe sc Salaai sa SEES oe Plastic Glacial Material. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GROUP NO. | crusHING 
AND MAKERS’ | srrencrH 
eG ON EDGE FIRST | SECOND] THIRD |FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT-| TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | | | 
| 1 16.30 A} A & CG C 
| 2 17.83 A | A D D E 
1 3034 | Do ly. Lee) A A D D E 
Etded.) | | As WV VG.48 A | C | C C D 
| | 3) | 18.09 A B B B c 
| Ree et Pe Ge a ee 
| | Mean | 17.50 | 
| | | | | ; 
| | it | 21.92 Ao 4eoG C D E 
| 2 DinAd, A Caree D E 
2 (ete t471 | 3 = lp 2-32 A FE os —_ — 
Soft | 4 | 21.19 A F — — — 
| | 5 2¥ 23 A F — — —— 
| | Mean 21.41 
| 
Not 
fur- | 
nished | | 


REMARKS. This clayapparently does not develop a perfectly safe structure 
at the absorption 17.50. It was very poorly prepared, with big pebbles, etc., in 
it and this probably made even fairly strong hard bricks vulnerable to the 
sulphate attack. : 
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TABLE XL—SAMPLE NO. 10 
PEOCes St OLN AACN ao fos Sect bose lanes Soft Mud Machine. 









































DPe iment acaly dA SEC a tA prt ien cs land aan oop fi Lis radeinand aes Plastic Glacial Material. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GROUP NO. | crusHING 
AND MAKERS -\\ copnweri 
GRADING ON EDGE FIRST | SECOND] THIRD |FOURTH| FIFTH 
eS PERCENT | TREAT- | TREAT-| TREAT-| TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | | | | | 
1 17.98 Ao eB B | (: C 
| 2 | 17.65 Ao BB B B B 
1 2168 3 | 18.45 A eee iy 
Hard | fe aes a 5 Ao i — | — | — 
5 18.47 A F — — — 
| Mean | 18.34 | | 
| | pee eee 
il 20.84 A F —_ = —— 
2 | 20.88 he jt B G | D E 
Z 1889 3 20.74 A B & D E 
Soft | 4 PS er20eo0) A & D | D E 
| agar : 20.21 AR D F eo 
Mean | 20.59 | 
| | | | | 
Not 
fur- | 
nished | | 
| | 

















REMARKS. This series is not widely enough differentiated to show sharp 
differences between what the maker has graded as Hard and Soft. The two 
best preserved bricks are the two lowest in absorption. 
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TABLE XLI— SAMPLE NO. 11 















































Process sods: Manutacttive..neeeee ee eee Soft Mud Machine. 
Kindvot: ClaysUised 50,00). eee eee Plastic Glacial Material. 
CONDITION OF BRICKS AFTER EACH SUL- 
ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
GROUP NO | causuinc 
AND MAKERS’ | cacencqa 
GRC ENS ON EDGE FIRST | SECOND| THIRD |FOURTH| FIFTH 
BRICK PERCENT | TREAT- | TREAT-| TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
| | | 
al 18.48 A A A A A 
bs 21.00 A A A A A 
1 4465 a 21237 Ale Aaa A A 
Hard 4 rN ea | A | A A A A 
| 5 | 21.55 A A A A A 
| Mean | 20.78 | 
| 
| 
| | 1 23.88 A B | C D E 
2 DAN! A B & D E 
2 1696 a 23 .26 jem ok Hana ©: — — 
Soft | 4, We .29.-04 A | A B 1B. E 
| | o | Bo049 A A Gs D E 
| | Mean | 23.34 | | | 
| | TCs 2” at ean meant 
Not | 
fur- | 
nished | 





REMARKS. These samples were not widely differentiated in absorption, 
but the process drew the line between the fit and unfit astonishingly sharply. 
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TABLE XLII— SAMPLES NO. 9 AND 12 


Process, of Mannilacture:a. a5 Semi-dry Press, and Hydraulic Bond. 
Moateriglsys tustos eae eee ee Sand with Lime or Cement. 








CONDITION OF BRICKS AFTER EACH SUL- 




















ABSORPTION DATA PHATE TREATMENT EXPRESSED IN 
MEAN DISINTEGRATION COEFFICIENTS 
CRUSHING 
VARIETY STRENGTH 
ON EDGE FIRST | SECOND| THIRD |FOURTH| FIFTH 
BRICK PERCENT TREAT- | TREAT- | TREAT- | TREAT- | TREAT- 
NO. MENT | MENT | MENT | MENT | MENT 
aces Le | 
Sand- 1 | Ti. 82 B F — — — 
Lime | | 2 eae B | F oS = a 
Bricks, 1912 | 3 | 12.61 B F — — = 
i | 4 12.61 Bence — — — 
Hardened | 5 | 13.14 Be oe — |. — — 
in a ae 
Steam Mean | 1267 | | 
| | 
| | | | 
Sand 1 16.40 A A B B B 
Cement 2 Se ay 07 A Aiea 2B B B 
Brick, 918-4 3 | 17.78 A A B B B 
| | 4 | 18.50 A Ar PSB B B 
Hardened | 5 | 19.87 A | A B B B 
by ——_—_—_— | 
Setting | | Mean | 18.70 | | 

















REMARKS. The very diverse behavior of these two samples is one of 
the most surprising facts brought out by the investigation. The photographs 
of sample 9 are shown in Figures 28-29, ae 

The photographs of Sample 12 are shown in Figures 16-17. 


Before entering upon a discussion of these results, it will 
be well to define the points at issue, upon which we must have 
answers before we can ask the public to accept and abide by 
the results of this sodium sulphate test. These are: 


First. Has this treatment the power to disintegrate ma- 
terial of poor cohesive strength, while at the same time fail- 
ing to disintegrate material of good cohesive strength? 

Second. Assuming that when materials disintegrate in or- 
dinary use, by the crystallization of water or solutions in their 
void spaces, the action is of the same general nature as that of 
the sodium sulphate freezing, is the latter so much more power- 
ful or violent in its action as to make comparisons impossible 
or valueless? 
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Third. If the results of sodium sulphate freezing cannot 
be correlated with ice freezing, is the sodium sulphate process 
too violent in action to be of value as an independent mode of 
judging the resisting power of materials to disintegration? 

Fourth. If not, can any correlation or equivalence be now 
established between stability under the sodium sulphate test and 


























the other measurable properties of the material? If so, what 
are these relations? 
Taking these up in order: 
_ First. Has this treatment power to disintegrate materials 
of poor cohesive strength, while at the same time failing to dis- 
integrate material of good cohesive strength? 


QA. 


Fie. 
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The answer here is an unqualified yes. Tabulating the 
results in the order of their crushing strength, beginning with 
the highest and progressing to the lowest, and arranging the cor- 


responding disintegration coefficients opposite, we have Table 


DM ld 
. TABLE XLIII 

















STRENGTH 


MEAN CRUSHING 
DISINTEGRATION COEFFICIENTS 


























ON EDGE 

LBS. PER SQ. INCH | A | B € | D | E | F 

ego 
More than 15000.... 5 “ i va 
15000-18000 °......... ne is Sadi (pets aa Ms 
FSO000STTO000 ie. we oe 5 As! ‘ 
FLOOD 29000 2 3s 25 ie 3s 
9000-7000 .....0.... 9 a 1 Q 
MU00ZO000 ace eet 15 pit te aie - 
5000-4000 .......... 19 Dy 4 2 
4000-3000) © aie. s 3 eters: 4 i 7 - 
B000-2500 40 ocasee aces Bie ag tee c ) ete oe 
2000-2000). 03 fe cce es e 1 | 1 || Pie oe 3 
ZOO00 SOO rs as cts cum ) ae est 3 11 13 
LSQOSLOUO ems sae yee | 2 be | | eel 6 

Less. thans1000.-..... he | 5 | | 
94 8 | 1% : A's 0) 22 




















An effort to plot this data does not add anything to our 
grasp of it, as there is not a large enough number of determina- 
tions to get smooth curves. But, it can be seen at a glance that 
the first actual rejections occur between 3000-4000 crushing 
strength (7 E) and the first actual failures as low as 2000-2500. 
Below 2500, the proportion of rejections and failures becomes 
suddenly large, showing that the process is selective in its opera- 
tion. 


Second. Is the violence of sodium sulphate freezing so 
much greater than ice freezing, that no parallels can be drawn? 
On this point, I have no new evidence to submit. A large num- 
ber of ice freezing tests have been made in my laboratory, and 
under my direction in commercial plants, and the mode of failure 
of ceramic products by ice freezing is familiar to me. I see in 
the behavior of ceramic products in the two processes a very 
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close similarity of behavior, but a difference in degree of activity. 
I roughly estimate the sodium sulphate as about five times as 
active as ice. That is, twenty-five treatments with ice usually 
leave a varied group of materials in about the same state of 
demolition as five sulphate treatments. 

But, until these two methods shall have been compared 
upon a large number of samples, using identical material, with all 
variables removed except that of mode of freezing, no one can 
make quantitative statements with precision or authority. 








Third. Is the sodium sulphate process worth while in itself, 
regardless of its correlation with ice freezing? 

In my opinion, it is. Even if prolonged study should fail 
to make exact correlation with the ice process, I submit that 


its greater severity than ice should be an advantage rather than’ 


a detriment. Any strength test is, in the nature of the case, 
more violent and sudden in its application than the strains which 
the material is expected to endure in natural use. The whole 
theory of strength testing is to explore the possibilities of a 
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material, to find out how much more a material will do than 
natural use requires, and thus to set suitable factors of safety 
for its use. A test, to be of any practical use, has to imitate 
the conditions of use as closely as possible, or at least use the 
properties which control in its actual use, but also has to con- 
centrate in a rélatively short period of time, a sufficient amount 














of wear, or strain or destructive condition to equal the normal 
‘life period of the product in question. A paving brick is ex- 
pected to last twenty years or thirty years in the street, but a 
tattler: test is expected to give in an heur, a decision as to 
whether the bricks will stand. <A hoisting cable is expected to 
lift: loads of ten tons in rapid succession for a year, before wear 
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reduces it too seriously for safety. But the testing machine must 
in a few minutes determine whether its initial ultimate strength 
is sufficient to stand these numberless repetitions of strain, with 
constant wear and corrosion reducing its effectiveness daily. 
Numerous illustrations of this sort might be given. 

In the case of frost resistance, the question is not one of 
absolute immunity, but relative immunity. No building material 
is absolutely immune to attack of weather. All natural and 
artificial rocks succumb, in time, to the slow agencies of solu- 











tion and frost. What we need to know is whether a given 
material has strength enough, under normal conditions of, use, 
to resist frost and weather well, from the very finite human 
standpoint. Whether we depend upon twenty-five freezings 
with water, under a necessarily very artificial set of conditions, 
or upon five or some other number of freezings with sodium 
sulphate under wholly artificial conditions, we shall in any case 
have to judge whether the strength displayed is enough or not 
enough to warrant the use of the material beyond any reasonable 
doubt. In my opinion, it all comes down to a matter of judg- 
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ment in interpreting the data, no matter what method we use, 
and it is as easy to train our judgment to interpret the data of 
the sodium sulphate test as that of real freezing. Neither can 
be translated directly into terms of actual use. The sodium 
sulphate test has the great advantage of speed, simplicity, and 
cheapness, while ice freezing is slow, and in most cases of pro- 
hibitive cost. 

Fourth. Can any correlation be now made between stability 
under sodium sulphate freezing and the other physical properties 
of bricks? , 

___ Two sets of facts only are available for comparison in the 
foregoing study, in crushing SMCHEND and per cues of ab- 
sorption. : ) 

Correlation of Crushing Keenan and Suiprate Disinte- — 
gration Coefficients. Some comparisons were given in an- 
other connection, on this head. Before trying to reach con- 
clusions as to where to draw lines, even tentatively, we must 
take into consideration the fact that the process of manufacture 
has a-vital influence in determining the resistance of a brick to 
frost, and it will be wrong to expect all bricks, regardless of 
what they are made of or how they are made, to conform to 
one standard. Referring back to Table XLIII and dividing it 
into two tables, stiff mud bricks and soft mud bricks respectively, 
weset lable xy. 
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Correlating crushing strength with sodium sulphate freez- 
ing and considering these two factors only, the above data would 
enable us to say that 4,000 pounds would make a fairly safe 
strength requirement for stiff-mud bricks. 
out of 100 bricks, only five bricks having a crushing strength 
above 2,000 pounds would have to be rejected, while below 2,000 
pounds, ten bricks would be rejected. 


As a matter of fact, 


In the same way, for soft mud bricks, the actually necessary 
rejections, found from 2500 pounds down, number twenty-three, 
with only seven acceptances, while above 2500 pounds the re- 


jections number three, and acceptances twenty-two. 
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In all probability 4,000 pounds for a stiff-mud requirement 
is no more severe than 2500 pounds for a soft-mud requirement. 

Correlation of Absorption Data with Sodium Sulphate 
Freezing. Making a similar division into stiff-mud and soft- 
mud and tabulating the data, we get Table XLV. 


TABLE XLV 
STIFF MUD BRICKS 
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From the above, we might say that the sodium sulphate test 
will attack and destroy or seriously injure a large majority of 
stiff mud bricks (especially if made of shale) whose absorption 
much exceeds 12 percent and that it will not seriously attack 
bricks of this sort whose absorption is below 12 percent. 

We cannot make a similar generalized statement regarding 
soft-mud bricks. Inspection of Table XLV shows successes and 
failures promiscuously dotted over the whole chart. The re- 
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sisting power to internal expansion is evidently more a func- 
tion of the clay itself, and less a function of the hardness of 
burning than in the case of shales. If we were to attempt to 
draw a line, it would be at 20 percent, though no clear case 
can be made so far as this data is concerned, for that or any 
other figure. 

On the other hand, if we observe the power of the sulphate 
test to differentiate between soft-mud bricks of one make, 
burned to different degrees of hardness, some astonishingly sharp 
decisions are found. 

For instance, in sample No. 3, group 2, we find with ee 
treatments the sulphate attacks and destroys three bricks of 23.43, 
24.50 and 26.26 percent absorption respectively, while two others 
of 20.28 percent and 22.35 percent endure five treatments with- 
out damage. 

Again, in sample 5a, group 3, we and two bricks, 29.60 and 
28.31 percent absorption respectively, failing promptly in the 
first and second test, while three others, 24.78, 25.21-and- 26.41 
percent, endure five tests with safety. The wonder is that any 
brick of such high porosity would stand the test at all. | 

Again, in sample 10, groups one and two, we find the divid- 
ing line between safety and failure apparently near 17 percent 
absorption. Of the 10 brick, of which the extreme range of 
absorption is a trifle more than 3 percent, the two lowest, 17.65 
and 17.98 percent, have coefficients of B and C respectively in 
five treatments, while the 18, 19 and 20 percent material fails. 

Again, in sample 11, groups 1 and 2, we have bricks rang- 
ing from 18.48 percent to 21.55 percent standing five treatments 
unscathed, while 22.79 percent and 22.94 percent begins to fail 
in three treatments, and 23.26 percent, 23.81 percent and 23.88 
percent fail in two treatments. 

The evidence is not all of this consistent character; we 
have some instances where a brick of high absorption stands 
better than another of lower absorption. In general, these dif- 
ferences are small, however, and may perhaps be explained by 
saying that between several bricks, all above the danger line, 
that one will fail first whose accidents of structure are most 
against it. | 
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This absorption-disintegration study brings out what has been 
recorded before by various observers, viz., that it is impossible 
to correlate the other physical properties of clay products hori- 
zontally with their absorption, because this neglects the dif- 
ferences due to plasticity, fineness of grain, mineral composition, 
etc. While absorption is a powerful determining factor, it may 
well happen that a sandy clay, possessing in its finer grained 
bonding material, some very fusible mineral, may make a strong 
product with a high absorption, while another clay of equally 
sandy texture, and no low temperature fluxes, would be wholly 
untrustworthy at the same absorption percent, because not yet 
bonded by the flux in burning. 

Correlation of the Sodium Sulphate Freezing Process 
with the Tentative Classification of Building Bricks Proposed 
by the A. S. T. M. The latter classification is founded upon 
a recognition of the above stated facts. It proposes that three 
different factors, absorption, crushing strength and modulus of 
rupture in cross breaking, shall be considered. If a brick of 
satisfactory absorption limit shows that its strength factors are 
bad, it is dropped below that grade in which it would be classified 
by absorption alone and into a grade which its strength entitles 
it to enter. Similarly, a brick of abundant physical strength 
might show a poor absorption test, and be actually dangerous 
in frosty exposures, and again the double standard would drop 
it in’ scale to a lower-grade.” The A. Sy PT. Mee specincations 
(tentative) are given in Table XLVI. : 
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TABLE XLVI—A. S. T. M. TENTATIVE SPECIFICATIONS 
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Soft Brick 2020 hel) 4 26 or | or | 
and up | limit more | more | 
SPECIFICATIONS. PROPOSED TENTATIVELY FOR GRAD- 


ING BY THE SODIUM SULPHATE PROCESS 


Using the six symbols before given to express relative de- 
grees of disintegration, and considering that the symbol C stands 
for only such attacks as have given no evidence of loss of in- 
ternal strength, it is proposed to approve or pass any sample 
which shall show three or more A’s with the two others not 
below C, and conversely to reject or fail any sample if any of its 
five bricks fall below C, or if three of them fail to attain the A 
grade. No intermediate rating is proposed. 


Recasting the data heretofore given to meet the require- 
ment of these two sets of specifications we have Table XLVII. 
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The preceding comparison will, it is thought, strengthen 
the argument for the more extensive study of the sulphate of 
soda freezing process. It does not seem to justify the fears 
of too great severity, entertained by Messrs. Howat and Blein- 
inger, as its findings have agreed remarkably well with the other 
system of classification, which embodies the concensus of the 
best knowledge hitherto available on the classification of building 
brick. 

It is significant that of the four lots of common bricks, 
which constitute the first four failures by the sulphate test, one 
is a sand-lime brick, which failed absolutely on the second freeze; 
two are very soft-burned stiff-mud shale bricks, which have not 
yet developed their bond, and the fourth is a soft-mud brick of 
conspicuously bad structure, being full of stones and coarse lime 
pebbles. In the opinion of the writer, these bricks all failed be- 
cause they deserved to fail, and they belong in use, if used at 
all, in the next lower category, soft bricks, for use in interior 
walls and backing up purposes. 

Similarly, the two lots of bricks graded as soft by the A. S. 
T. M. specifications, but which pass the sodium sulphate freez- 
ing test, are both soft-mud bricks which develop a good strength 
while still very porous, as discussed earlier. 

By the A. S. T. M. specifications alone, such bricks would 
be condemned to inferior uses only, on account of their absorp- 
tion percent. But, the freezing test shows that the high ab- 
sorption in this case is no menace, and the bricks ought to go 
up into the common brick grade, being as good in every way 
as many that are so graded. 

Another interesting point may be gleaned from consider- 
ing lots 5-3 and 5a-2. These bricks are made from the same 
clay, on the same yard, No. 5 being stiff-mud and 5 A soft-mud. 
Their mean absorptions are the same, 21.43 and 21.53 respec- 
tively. But their crushing strengths are very different, 1905 and 
3337 respectively. This is, due to the lamination of the stiff- 
mud bricks, which ruined their crushing strength, and caused 
them to peel open in layers in the sulphate freezing, while the 
soft-mud structure, of exactly the same absorption percentage, 
enabled the sample to pass. 
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In conclusion, the writer desires to express the opinion first 
that the method of testing brought to the attention of this So- 
ciety last year by the Bureau of Standards is an important ad- 
dition to our means of studying the structure of ceramic products, 
and second that its severity is not too great to disqualify it, and 
third that its findings thus far seem to afford a wise decision or 
explanation for those cases in which the other specifications 
are in disagreement, and fourthly, the test should be applied to 
a much larger quantity and variety of material, with a view to 
using it in the specifications for testing and classifying building 
brick. 


THE RELATIVE ACTION OF ACIDS ON ENAMEL—II 


BY EMERSON -P; POSTE 


The paper under the above title in Volume XVII of the 
Transactions of this Society presented a method for determining 
the relative action of acids on an enamel, together with certain 
preliminary data obtained by that method. 7 ats 

The method used was that of determining the loss in 
weight of a 2 gram sample of pulverized frit due to the action 
of the solution under consideration. The residue, after exposure 
under standard conditions—24 hours in 100 cc. of solution at 
constant temperature of about 70° F.— was caught on a weighted 
Gooch crucible, and the loss of weight determined. The frit 
used was obtained by dry grinding in a small pebble mill and 
rejecting that portion retained on a 20 mesh screen. The data 
presented is summarized in Figure 1. 

The general conclusions drawn were that the method had 
merits as a means of comparing the relative action of various 
strengths of a given solution on a given enamel, and of compar- 
ing the action of different compounds on a given enamel. It was 
also suggested that the action of a given substance in varying 
strengths of solution was in a general way proportional to the 
ionic concentration of the solution. 

The discussion of the paper brought out the opinion that 
the method had no value as a means of comparing the relative 
resistance of different enamels. It was suggested that it would 
be better to narrow the size of particles to those passing one size 
mesh and retained on a finer mesh. The idea of the relation of 
the ion concentration to the chemical action was corroborated by 
curves showing the relation of ion concentration and conduc- 
tivity. | 

The scope of the present paper is two-fold, to report the 
result of work suggested by the discussion of the former paper, 
and to show the effect of temperature on the solubility of enamel. 
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In following out the suggestion of the use of particles within 
a narrow size limit, it became necessary to determine whether 
uniform results could be obtained under different conditions of 
fineness of the frit as a whole. In other words, would particles 
passing an 80 mesh and retained on-a 100 mesh give the same 
results when taken from a sample ground for a certain time as 
when taken from a sample ground twice as long? 


To determine this point four 1200 gram samples of frit of 
a comparatively low resisting enamel were ground in a pebble 
mill for 14, %4, 34 and 1 hour. These are designated as A, B, C, 
and D respectively. Fineness determinations gave the results 
shown in Table I. 








TABLE I 
MESH OF SIEVE | A | B | Cc | D 
| | 
Retainedsonig) jae ee eee 0.3 On togesl 0.0 | 0.3 
Passed 20—retained on 40.| 20.5 3.4. 4 2.5 0.8 
Passed 40—retained on 60.| 22.1 ih Ba eg 7 lee 4 0.9 
Passed 60—retained on 80. 6.6 Scie ae Ocl agl 0.9 
Passed 80—retained on 100. 9.0 10.5 | Ge S.4 
Passed 100 — retained on 150. 13.4 16.6 Si) 1650) | 13.5 
Passed 150 — retained on 200.| 6.8 | Lie) | 13.0 12.3 
Passeds200ih.. a s-cpss abe cate te Ve teak 36.1 | 55.1 | 67.6 


For use, the portions passing 80 mesh and retained on 100 
mesh were selected for one series of tests and those passing 100 
and retained on 150 for another. Two grams of each were 
placed in 100 cc. of 11.8 percent hydrochloric acid and allowed 
to stand 24 hours at 70°F. The losses were as shown in Figure 
2. The solid line designates the 80-100 mesh samples and the 
broken line the 100-150 mesh. It is seen that the losses are 
reasonably constant for various periods of grinding though the 
percentages for the 80-100 were 9.0, 10.5, 6.2 and 3.7, and for 
the 100-150, 13.4, 16.6, 16.0 and 13.5. Other data which have 
been obtained are consistent with the above. 


Taken as a whole, this series of tests leads to the conclusion 
that the use of a narrow limit of particle size would not introduce 
variations due to differences of average fineness of the entire 
sample which would materially effect the results. 
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To investigate the effect of temperature on the action of 
an acid on an enamel the following tests were made. Having 
used hydrochloric acid in the previous work, it seemed logical 
to continue its use. It was necessary first to determine a means 
of keeping it at constant strength under different temperatures. 
A series of trials showed that solutions under 20 percent in 
strength can be boiled under a reflux condenser without appre- 
ciable change of concentration during a period of four hours. 

The first sample used was that obtained by mixing the 100- 
150 mesh portions of A, B, C, and D above. It was designated 
as I. The second sample, II, was obtained by grinding a sample 
of frit from another formula and separating the 100-150 mesh 
portions. 

Each result was obtained by placing two gram samples in 
a flask containing 13.6 percent hydrochloric acid under a reflux 
condenser, the acid having been cooled or heated to the desired 
temperature. The enamel was recovered on a Gooch crucible 
after four hours exposure at constant temperature. Figure 3 
shows the curves obtained by plotting the loss in weight against 
the temperature. : 

The results lead to the conclusion that by using a narrow | 
limit of size of particles, reasonably uniform results can be 
obtained under varying conditions of fineness. This suggests a 
possible standard method of comparing the acid resistance of 
different enamels which would not necessitate grinding samples 
to the same general fineness. To keep a uniform area of surface 
it would be necessary to correct the sample weight for varying 
specific gravities. The effect of differences of mill additions 
and burning might seriously interfere with the results if used to 
judge enamels manipulated under different conditions. . These 
points are yet to be worked out. 

Finally, it is of interest to note that the action of an acid 
on an enamel varies quite markedly with the temperature, the 
gradient decreasing quite rapidly as the temperature approaches 
the boiling point of the acid. 


KAOLIN REFINING 


BY IKRA/E. SPROAT 


Introduction. The question —‘Why can not American 
kaolins be substituted for English china clay ?’— has been asked 
time and time again, and more often since the beginning of the 
present European war which has threatened to cut off the supply 
of European clays. The answer to this question has invariably 
been, that the domestic kaolins are not as pure and uniform in 
composition as the imported clays. 

This demand for white-burning American clays is of such 
economic importance that it was considered advisable to deter- 
mine whether some of our vast deposits of impure white clays 
could not be refined sufficiently to permit their being substituted 
for the foreign materials. 

Up to the present time the application of only mechanical 
principles have been made use of in the improvement of methods 
of refining kaolins, but in order to keep pace with the ever in- 
creasing requirements for better quality and uniformity of pro- 
‘duct, the application of the principles of colloidal chemistry is 
necessary. The work represented by this report was carried 
on for the purposes of determining the practicability of the ap- 
plication of the technical control of clay disperse systems in the 
refining of kaolins and the utilization of the treated clay in the 
manufacture of vitreous china and wall tile. 

It is believed that this report will prove stimulating to the 
clay washing industry, will point the way to improvements in 
methods of refining, and will lead to a large use of domestic 
kaolins by manufacturers of high-grade ceramic wares. 

Kaolin Refining in the Dry Branch District. Only one 
company (The Georgia Kaolin Co.) in this district is actively 
engaged in the refining of kaolin. The method of washing clay at 
this plant is very similar to the refining process used in the re- 
fining of the primary kaolin of the Southern Appalachian district, 
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which has been described in detail by Prof. Arthur S. Watts 
(Page 72, Bulletin No. 53, U. S. Bureau of Mines), so only a 
mere outline of the washing process will be given here, It con- 
sists of six different operations which are as follows: 

ist. A thorough blunging of the clay with water. This is 
done in rectangular blungers which are about Io feet long, 4 feet 
wide and 4 feet deep. 

2d. The floating of the slip through long narrow troughs. 
These troughs are about 50 feet long with an average width of 
about two feet, the width of trough depending upon the rate of 
flow required to settle out the impurities. 

3d. Screening of the slip through a 110-mesh rotary screen. 

Ath. Concentrating the slip in large concrete tanks which 
are about 75 long, 25 feet wide and 5 feet deep, where it is al- 
lowed to stand for about 12 hours, when the supernatant liquid 
is drawn off, and the thickened clay slip run into a small retaining 
tank. 

5th. Filter pressing the thick clay slip which is pumped 
from the small retaining tank into the filter at a pressure of 100 
pounds. 

6th. .Drying the filter press cakes which contain about 20 
percent of water in tunnel dryers heated by exhaust steam. 

7th. Crushing the thoroughly dried press cakes into small 
pieces in corrugated rolls. 

Impurities in Georgia Kaolins. The following is a chem- 
ical analysis of a sample of kaolin taken from the pit of the 
Georgia Kaolin Company and reported by S. W. McCallie (Page 
128, Bull. 18, Ga. Geol. Surv.) : 


percent 
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From this analysis it is seen that the chief color-imparting 
oxides are Fe,O, and TiO,. The source of these oxides is best 
shown by the following micrscopic examination of a sample of 
clay from the mine of the George Kaolin Company. 

Examinations made by F. B. Laney of the Bureau of Mines. 


Quartz. 

*Partially decomposed feldspar often stained with iron 
oxide. 

*Wad—small pisolites of manganese oxide. 

*Limonite. 

Muscovite. 

*Magnetite. 

*Hematite. 

*Ilmenite. 

Zircon. 

Rutile. 

Apatite. 

*Tourmaline. 

Corundum. 

Monazite. 

*Iron—minute particles broken off from the crushing 
machinery. 


The minerals marked * are the minerals which tend to give 
the cream.color to a burned china body when Georgia kaolin is 
one of the constituetns of the body. 

Only a portion of these troublesome minerals are removed 
by the present methods of refining, due to the fact that the most 
of the color imparting minerals are present in a very fine state 
of subdivision, as the coarser impurities settled out when the clay 
was being deposited. In fact most of the color imparting impur- 
ities present will pass a 260-mesh sieve, and some are much 
finer. 

Besides being finely subdivided, these impurities are com- 
pletely coated with clay which prevents them from being settled 
out (regardless of their higher specific gravity) without a big 
loss of clay. This clay coating is not removed to any great extent 
on prolonged blunging. Even blunging for two hours will not dis- 
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perse the clay particles. However, grinding in a ball mill has a 
greater tendency to produce complete dispersion, but this sort of 
treatment is not an economical one to use in the washing of kao- 
lins. Therefore, in order to obtain complete dispersion of the 
clay grains and the resulting separation of the color imparting 
minerals from the clay it is necessary to utilize the principles of 
colloidal chemistry. 


EFFECT OF ALKALIS, ACIDS AND SALTS UPON GEORGIA 
KAOLIN WATER SYSTEMS 

Much work has been done in this country and abroad on the 
effect of electrolytes on clay suspensions, and in nearly every in- 
vestigation carried on in this country, Georgia kaolin was included 
among the clays tested. Therefore, only a brief summary of the 
effect of alkalis, acids and salts upon Georgia kaolin suspensions 
will be given here: 

Effect on Viscosity. It is quite well understood by this 
time that alkalis in small amounts tend to increase the state of 
dispersion of clay-water systems due to the electrostatic repulsion. 
of the negatively changed O H ions, the result being a decrease in 
viscosity of the system. This breaking up of the larger clay 
particles into smaller ones is plainly shown by the following me- 
chanical analyses of two samples of Georgia kaolin, one of which 
contained 0.075 per cent NaOH. These analyses were made on a 
Schultze elutriation apparatus with an overflow of 80 c.c. per min- 
ute. (See page 46, Bull 53, U. S. Bureau of Mines). 











TABLE |! 

WASHED GEORGIA 
SEPARATES ee KAOLIN | CONTAINING 0.075 

PERCENT NaOH 

| 

200 mesh 0.27 | 0.28 
260 mesh 0.42 0.45 
330 mesh | 0.33 0.30 
No. 1 jar 4.40 0.92 
No. 2 jar 2.36 2.30 
No. 3 jar 15.70 9.04 
No. 4 jar 76.52 86.61 
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From this table it is seen that the particles which remain 
upon a 330-mesh sieve are little affected by NaOH, therefore they 
are chiefly impurities and not colloidal clay. 


On the other hand, acids and salts operate to produce the 
oposite effect from that of alkalis, causing a coagulation of the 
clay particles and a resulting increase in viscosity of the system. 


Therefore, the effect of the addition of different amounts of 
electrolytes to a clay-water system can be satisfactorily studied 
by the determination of viscosity. This is best done by use of a 
brass efflux tube or viscosimeter. The viscosimeter used by the 
writer is very similar to the one described by Prof. A. V. Blein- 
inger (Page 20, Technologic Paper No. 51, U. S. Bureau of Stand- 
ards) with the exception of the size of the efflux which is 3/32 
instead of 5/32, as recommended by Prof. Bleininger. This re- 
duction in size of efflux is necessary when determining the vis- 
cosity of slips containing a small percentage (less than 25 percent) 
of solids. All viscosity determinations made by the writer are 
based on the volume of water that ran through the 3/32 efflux 
tube in 117 sec. which is to be understood when mention is made 
of viscosity determinations throughout this report. The viscosity 
of all clay suspensions are computed in terms of water by divid- 
ing their observed time of flow by 117. 


Figure 1 shows the effect of alkalis, acids and salts upon the 
viscosity of a Georgia kaolin slip containing 20 percent clay. 
From these curves it is seen that NaOH shows the greatest drop 
in viscosity reaching a well defined minimum at 0.075 percent 
addition of the reagent. Upon further additions of caustic soda, 
the viscosity at once increases. In the case of Na,SiO, and 
Na,CO, the decrease in viscocity is not as great as that caused 
by additions of NaOH. Besides the minimum viscosity is not 
reached until 0.10 percent of sodium silicate and 0.125 percent 
of sodium carbonate are added to the clay water system. A 
mixture of 50 percent Na,CO, and 50 percent Na,SiO, gives a 
less drop in viscosity than either of the reagents, the minimum 
viscosity being reached with 0.10 percent addition of the mixture. 
Neither sodium carbonate, sodium silicate or a mixture of the 
two show a tendency towards increasing the viscosity. 
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In the case of the coagulating agents HCl shows the great- 
est tendency along this line, reaching a well defined maximum 
viscosity upon the addition of 0.2 percent of the reagent, while 
acetic acid and alum do not increase the viscosity as much as 
hydrochloric acid. The maximum viscosity produced by acetic 
acid and alum is 1.384 and 1.376 respectively, as compared to 
1.401 that produced by HCl, but these reagents are much more 
active in coagulating the clay particles below 0.05 percent addi- 
tions. Besides this, the addition of 0.4 percent of acetic acid 
and 0.3 percent alum is necessary to reach the maximum vis- 
cosity. In the case of H,SO, the maximum viscosity of 1.393 
is reached with the addition of 0.275 percent of the reagent. 


Effect upon Sedimentation. It is also a well known fact 
that additions of small amounts of alkalis tend to hold the clay 
in suspension or in a state of deflocculation which corresponds 
to decreasing viscosity, while acids and salts have the opposite 
effect upon the clay-water system, causing a more rapid settling 
of the clay particles. The clay-water system is then said to be 
in a state of flocculation, which corresponds to an increase of 
viscosity. 


THE FUNCTIONS OF ELECTROLYTES IN THE REFINING 
OF KAOLINS 

History. Ashley* found that the color of clays in which 

iron is one of the bases would be improved if the clay were 

blunged with HCl, settled, and the overlying water drawn off. 


Ashley? also reports Keppler’s patent on improving clays 
by, first, deflocculating with alkali, second, making an addition 
of colloid matter from humus, third, reprecipitating all together 
by the addition of an acid. 

Bleininger® in summarizing his results on the electrical 
separation of clay, says the use of caustic soda and other elec- 
trolytes brings about a condition of minimum viscosity which 
greatly assists in the separation of quartz and feldspar. 

Brown and Howat* found that by defiocculating kaolins 
with caustic soda or silicate of soda their color was improved 


tTrans. Amer. Cer. Soc., Vol. XII (1910), p. 802. 
2 Trans. Amer. Cer. Soc., Vol. XII (1910), p. 803. 
8 Trans. Amer. Cer. Soc., Vol. XV (1913), p. 343. 
Trans. Amer, Cer. Soc., Vol. XVII (1915), p. 87. 
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and the drying shrinkage decreased, but the burning shrinkage 
increased. 

Prof. Bleininger® states: “that the washing of kaolinitic 
clays may be decidedly improved as far as the quality of the 
product is concerned by adding to the water in the blunger a 
definite small amount of caustic soda or a mixture of caustic 
soda and sodium silicate.” This treatment improves the color of 
most clays, enriches their content in clay substance, decreases 
the drying shrinkage, but tends to increase the burning shrink- 
age. 

General Principles. The fact that alkalis when added to 
clay-water systems increase the dispersion of the system with 
the resulting decrease in viscosity and increased suspension of 
the clay particles makes this principle of colloidal chemistry di- 
rectly applicable to the purification of Georgia kaolins. The 
impurities in the Georgia kaolins are coated with clay which 
fact makes it impossible to settle them out without a great loss 
of clay, but when the clay-water system is dispersed these im- 
purities are then free to settle out. While the consequent in- 
creased suspension of the clay particles gives a longer time in 
which the impurities have to be settled out there before the pro- 
cess 1s not economical, due to the settling of the clay. The 
success of any kaolin refining method making use of these prin- - 
ciples of colloidal chemistry depends upon the technical con- 
trol of the viscosity of the clay-water system. Therefore a study 
of the factors affecting both the initial and the minimum vis- 
cosity was made under the conditions of a present day washing 
plant. 


FACTORS AFFECTING THE INITIAL VISCOSITY 


It is a well known fact that present day kaolin refining 
methods are not only wasteful but very inefficient, which is shown 
very clearly by viscosity tests. These tests do not only point 
out the cause of inefficiency, but show why better results have 
not been obtained. 

Varying Clay Content. Without some _ mechanical 
means of controlling the amount of clay going into the washer,- 





5 Tech. Paper Bureau of Standards, No. 51, page 38. 
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wide variations in percentage of clay in the slip will occur. These 
variations are sometimes very great, as is shown in Table II. 
From the data in this table it is seen that the percentage of clay 
varied from 0.6 percent to 12.7 percent, with an average of 7.64 
percent for the month. These tests were made at all hours of 
the day and under varying conditions of weather, temperature, 
mining operations, and other changing factors, so that the aver- 
age of 7.64 percent of clay represents the average conditions 
found in the present day washing plant. It can be readily seen 
that this wide range in composition of slip will affect both the 
quantity and quality of the product. | 

Degree of Blunging. ‘The effect on the initial viscosity 
of different degrees of blunging is shown in curves Nos. 2, 3 
and 4 of Fig. 2. Curves 3 and 4 are plotted from viscosity tests 
upon slips taken direct from the washer, the test of Curve No. 
3 being made in dry weather and those of No. 4 in wet weather. 
From these two curves it is seen that there is a big increase 
in viscosity during wet weather. This increase is due to the 
fact that the clay is wet and sticky as it enters the washer which 
in turn decreases the blunging action of the washer, causing a 
decrease in the dispersion of the clay particles with the conse- 
quent increase in viscosity. It is a well known fact around kao- 
lin refining plants that the clay will not settle as quickly in wet 
weather as in dry weather, and alum is used to precipitate the 
clay. This fact seems to be contradictory to the above state- 
ments, but the reason for the slow rate of settle is not due to 
any increased dispersion, but to the decreased percentage of clay 
in the slip. | 

The effect of increased blunging action is shown in Curve 
No. 2 of Fig. 2, the slips for this test being made up from clay 
taken direct from the mine during dry weather, blunged in a 
ball mill for two hours, screened through a 120-mesh sieve and 
then tested. From this curve it is seen that the increased blung- 
ing causes an increased drop in the viscosity due to increased 
dispersion. 

Predrying. Curve No. 1, Fig. 2 shows the effect of dry- | 
ing clay before blunging it up with water. These tests were 
made by blunging the bone-dry clay with water in a small house- 
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hold churn. It is seen from this curve that drying produces a 
still greater degree of dispersion with the resulting drop in vis- 
cosity. 

Alum,:- The -testsy represented by -Gurve-NoW 5) Fic a2) 
were made in dry weather, but the feed water contained about 
0.3 percent of alum. From this curve it is evident that small 
percentages of alum will greatly increase the viscosity of the 
clay-water system. The effect of the alum becoming more pro- 
nounced as the percentage of solids in the slip increases. 


THE EFFECT OF VARYING VISCOSITY ON CAPACITY OF 
A REFINING PLANT 

The capacity of a washing plant depends upon the maxi- 
mum flow of water through the washer and the percentage of 
clay held in suspension at the maximum viscosity permissable 
without retarding the precipitation of the impurities. This 
maximum permissable viscosity will vary to some extent with 
the different clay deposits and can only be determined by close 
observations of a number of settling tests of slips of varying 
viscosities. In most cases a viscosity of about 1.094 will be the 
maximum. However, it is advisable to run at a viscosity a 
little lower than the maximum, a viscosity of 1.068 being very 
safe practice. 

The maximum amount of water that will flow through the 
ordinary rectangular washer, to ft. by 4 ft. by 3 ft, without 
overflowing, and produce the maximum degree of dispersion 
under given blunging conditions depends upon the condition of 
the clay entering the washer, whether wet or dry, lumpy or dis- 
integrated. Under the present day conditions of kaolin refining, 
where the clay goes into the washer in large lumps, the maxi- 
mum flow is about 1200 cu. ft. per hour. 

It has been shown that a number of factors influence the 
percentage of clay contained in a slip of a given viscosity. There- 
fore these factors tend to increase or decrease the capacity of 
a washing plant, according to whether they decrease or increase 
the viscosity of the clay-water system. For example, suppose 
the plant was operating under dry weather conditions and main- 
taining a constant viscosity of 1.094, the slip would then con- 
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tain 10.8 percent of clay, but under wet weather conditions the 
slip would only contain 7.4 percent of clay, a decrease in capa- 
city of 31 percent, while on the other hand if the clay had first 
been dried the slip would contain 16.2 percent of clay, an in- 
crease in capacity of 50 percent over dry weather conditions. 


FACTORS AFFECTING THE MINIMUM VISCOSITY 


Since caustic soda produces the greatest dispersion of Geor- 
gia kaolin-water systems, it was used in the commercial tests 
on kaolin refining, and it was found that only some of the factors 
affecting the initial viscosity had any effect or influence upon the 
degree of dispersion or the minimum viscosity produced by small 
additions of alkalis. | 

Degree of Blunging. It is seen upon comparing the dia- 
grams of Fig. 3, made in dry weather with those of Fig. 4, made 
in wet weather, that the degree of dispersion or minimum vis- 
cosity of the slips of the same clay content is the same regard- 
less of the wide difference in initial viscosity. For example: 
From the curve in Fig. 3, representing a slip of 9.6 percent clay 
it is seen that the initial viscosity is 1.059 and the minimum 
1.005, while in Fig. 4, a slip of 9.4 percent solids shows an initial 
viscosity of 1.145, but the same minimum of 1.025. 

In comparing the curves of Fig. 5 which were plotted from 
tests of slips previously ground in a ball-mill with those of Fig. 
3, similar conditions prevail. Although there is a big drop in 
initial viscosity, the minimum viscosity is the same for slips con- 
taining the same percentage of clay. Therefore the extent of 
blunging has no effect upon the degree of dispersion or mini- 
mum viscosity of a slip of given clay content. 

Predrying. The curves in Fig. 6 are plotted from tests 
upon slips of Georgia kaolin which had been previously dried 
to bone dryness on the top of steam pipes. By comparing the 
curves of Fig. 6 with those of Fig. 3, it is seen that predrying 
of the clay decreases the initial viscosity (in slips containing 
less than 15 percent clay) to that of the minimum viscosity. In 
other words, when the slip contains 15 percent or less of clay 
predrying is just as effective in increasing dispersion as 1s 
' NaOH, but predrying is far more expensive than the use of 
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NaOH. However, upon adding caustic soda to such slips the 
viscosity is still decreased further, but the drop being very small. 

Since the minimum viscosity is not changed by the degree 
of blunging, and only slightly by very severe predrying condi- 
tions, the capacity of a plant using a dispersing agent will be 
constant under such changing operating conditions. 


Alum. The results of tests made with slips containing 
a small percentage (0.03 percent) of alum are shown in Fig. 7. 
By comparing these curves with those of Fig. 3, it is seen that 
alum raises the initial viscosity, increases the amount of caustic 
soda necessary to produce minimum viscosity and decreases the 
degree of dispersion. Therefore the presence of a flocculating 
agent such as alum in the feed water is very objectionable to 
a successful application of the technical control of disperse sys- 
tems in kaolin refining. 


REFINING KAOLIN BY THE APPLICATION OF TECHNICAL 
CONTROL OF DISPERSE SYSTEMS 

Sedimentation Process. From laboratory experience and 
from suggestions made by Ashley, Bleininger and others, it seems 
as if the best method of utilizing the influence of NaOH upon 
clay-water systems in kaolin refiining is as follows: 

Sufficient NaOH to cause maximum deflocculation or mini- 
mum viscosity is added to the clay and water in the washer. The 
deflocculated slip is run-through the settling troughs, screened 
and collected in the concentration tank, where it is allowed to 
stand for a sufficient time to allow the impurities to settle out. 
The slip is then syphoned into another tank and the flocculating 
agent added in order to coagulate the clay particles and make 
possible the concentration of the slip for filter pressing. 


However, after making a number of tests in a small con- 
crete tank six feet square and two feet deep, it was seen that any 
attempt to settle out the impurities in large tanks was not an 
economical process by any means, for the time required to settle 
out the impurities through great quantities of slip was compara- 
tively long, being about two hours, and in the meantime a lot 
of the clay had also settled, and would have to be thrown away 
with the impurities. Besides, several inches of slip had to be 
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left in the bottom of the settling tank after drawing off, as there 
was great liability of sucking up the impurities. Aside from the 
big loss of clay by use of such a method, it stops the continuity 
of the refining process and therefore adds to the operating costs. 


THE FLOTATION PROCESS 


Experiments on settling out the impurities in floating 
troughs were next carried on. A new set of troughs being built 
for this purpose, and after a number of changes in width and 
length of the last trough, very good results were obtained. The 
complete floating process consists of eleven different operations 
which are as follows: 


Storage and disintegration. 
Feeding. 
Blunging. 
Dispersion. 
Flotation. 
Coagulation. 
Screening. 
Concentration. 
Filter pressing. 
Drying. 

Crushing. 


Storage and Disintegration. The clay must be broken 
up to lumps no larger than a man’s fist, and most of the clay 
should be much finer. In order to disintegrate the clay in this 
manner, it is necessary to have a storage shed of at least 500 
tons capacity, for during rainy weather the clay as mined from 
the pit is too sticky to be disintegrated. 


All washing plants should have a storage shed for their 
crude clay regardless of the method of washing, for it has been 
shown that the capacity of the plant will vary greatly with the 
condition of the clay entering the washing unless it is dispersed 
with an alkali. However, few kaolin refining plants have a 
storage shed, therefore the writer wishes to emphasize the fact 
that the first thing to be considered in constructing a washing 
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plant, if constant conditions are to be maintained with the re- 
sulting uniform product, is a good storage shed of sufficient 
capacity. The disintegrator should be of the corrugated roll 
type as this type works best with highly plastic clays. 

It has been shown that the quantity of caustic soda required 
to produce maximum dispersion depends upon the percentage of 
clay present in the slip; therefore it is expedient to have a con- 
stant flow of clay into the washer. The best way to obtain this 
constant flow of clay is by the use of a clay feeder of the disc 
type. No feeder will deliver clay to a washer with any uni- 
formity unless it has been previously crushed into small lumps. 
Hence the necessity of using a disintegrator. 

Blunging and Dispersion. These two steps in the pro- 
cess will be discussed together as they are very closely related. 

The blunging of the clay, water and alkali is one of the 
most important steps in this washing process, and too much 
emphasis cannot be laid upon this operation. Double blunging 
or washing is necessary to obtain complete dispersion, and in 
the case of some very tough and tenacious clays which resist 
blunging to a great degree, it will be necessary to use three 
washers in order to get complete separation of the clay particles 
and impurities. 

It is advisable to add caustic soda to the clay-water slip in 
the second blunger, for if for some reason the flow of clay is 
increased or decreased, the clay content of the slip can be cal- 
culated from viscosity tests on the slip leaving the first washer 
and the flow of standard NaOH solution regulated as to pro- 
duce maximum dispersion under the changed flow of clay. 

Addition of NaOH. A standard solution of caustic soda 
is made up and this solution is run into the second washer at 
a constant rate of about 10 cc. per second which is obtained by 
allowing the solution to run through an efflux tube of 1 in. 
diameter under a constant head. The figures given above for 
the rate of flow of standard caustic soda solution and the size 
of the main efflux tube are somewhat arbitrary and can be 
changed to suit different conditions. 

The strength of the NaOH solution will depend on both 
the rate at which it is allowed to flow into the washer and the 
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rate at which the clay is fed to the washer. For example: If 
five tons of clay are being fed to the washer every hour then 
7.5 pounds (5 x 2000 x 0.00075) of NaOH will have to be 
added every hour to produce complete dispersion. If the rate 
of flow of the solution is 10 cc. per second, every cc. of standard 
solution will have to contain .o94 grams of NaOH 


7-5 X 454-5 
—= .004 
3600 x I0 
There the normality of the solution is 2.35 N.- 
.094 xX I000 
= 2.35 
40 


Flotation. After thorough blunging and complete dis- 
persion the slip is run through the floating troughs. The floating 
troughs used by the writer with good success do not differ from 
the ordinary mica troughs used at present in most washing 
plants, except that a long fan-shaped trough is added to the end 
of the other troughs. This fan-shaped trough should be at 
least 125 feet long, 2 feet wide at the inlet, while the width at 
the discharge end should be such as to produce a depth of slip 
of not over 1 inch. This fan-shaped trough must be constructed 
with great care for it must be perfectly level both ways and the 
sides of the trough very smooth so as not to cause too great a 
resistance to the flow of slip and a coagulation of the clay par- 
ticles along the sides, and the resulting faster flow of the slip 
through the center of the trough. The same is true of the bot- 
tom of the trough except it does not want to be smooth but uni- 
form in texture. If the bottom is made perfectly smooth the slip 
will have a tendency to carry the impurities along by sliding 
them along on bottom of trough. So the bottom must be rough 
in texture, but uniform; if not uniform the clay will have a ten- 
dency to coagulate around the spots of most resistance and there- 
fore cause the slip to flow too fast in other portions of the 
trough. The best material for constructing these floating 
troughs is concrete, and by proper sizing of the aggregate and 
trowling the required surfaces can be obtained. 
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There will be far less tendency of the clay particles to 
coagulate around spots of greater resistance if the slip is agi- 
tated before entering the last trough. This can be easily done 
by having the fan-shaped trough lower than the others and then 
running the slip over rifflers as it passes from the narrow troughs 
into the fan-shaped one. 


Coagulation. As the slip comes from the floating 
troughs it is still in a state of maximum deflocculation and there- 
fore could not be concentrated as the exceedingly fine particles 
would not settle even after days of settling. Furthermore, any 
attempts at filter pressing the slip as it comes from the floating 
troughs would be futile; for aside from the fact that the quan- 
tity of water to be removed would be so great that the process 
would not be an economical one, the alkaline condition of the 
slip with the resulting dispersion of the clay particles would 
make it almost impossible to filter press this slip. The exceed- 
ingly fine particles would tend to clog the filter cloth and what 
water did run then would be very turbid. Therefore it is neces- 
sary to add some flocculating or coagulating agent. Alum is 
usually used for this purpose. But it has been shown that small 
additions are exceedingly active in causing coagulation of the 
clay grains, therefore in cases where washing plants are using 
the water from the concentration tanks and filter presses over 
and over again, alum can not be used in connection with this 
process, as very small quantities (0.02 percent or less) present 
in the feed water will decrease the degree of dispersion upon 
addition of NaOH and also increase the amount of NaOH 
necessary to cause maximum dispersion. If just sufficient sul- 
furic acid is added to neutralize the caustic soda, the slip is 
brought back to normal state. 

The strength of the sulfuric acid solution should be the 
same as the NaOH solution and added to the slip in the same 
manner. Under these conditions perfect neutralization will 
always occur, and there will not be an excess of NaOH left to 
cause trouble in settling and filter pressing, or an excess of 
H,SO, left to cause trouble in the blunging and dispersion. 
The H,SO, solution is added to the slip at the point where it 
leaves the floating trough. After the addition of the H,SO, 
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the slip is run through a long narrow trough (50 ft. by 1 ft, by 
1 ft) containing a number of riffles for mixing the H,SO, solu- 
tion with the alkaline slip. This trough should have at least a 
drop of 1 foot in the 50 feet in order to cause a rapid flow. 

Screening. After the slip becomes neutral upon the ad- 
dition of H,SO,, it is advisable to run it through a rotary screen 
of about 120 mesh. This screen will remove any chips of wood 
or other foreign material that floats on the top of the slip, and 
it also acts as an agitator in case some of the H,SO, had not 
completely neutralized the NaOH. However care should be 
taken that practically all of the H,SO, has combined with the 
NaOH before reaching the screen, as any excess of H,SO, will 
act upon the screen cloth, thereby reducing its life. 

Concentration. The concentration of the slip is accom- 
plished by running.the neutral slip into large concrete tanks 75 
feet long, 25 feet wide and 5 feet deep where it is allowed to 
stand for a sufficient period for the clay to be precipitated and 
the supernatant liquid to be drawn off, the time of settling gov- 
erning the thickness of the slip. However, after about 48 hours 
the amount of additional precipitation is exceedingly small, and 
in general 24 hours is sufficient for the concentration of the 
slip. This concentrated slip is then pumped into the filter 
presses. 

Filter Pressing. Under present conditions of kaolin re- 
fining the filter-pressing of the thickened clay slip has given more 
trouble than all the rest of the washing operations. The troubles 
have been numerous and varied and have been due partly to 
the type of filter-press, poor or clogged filter clothes, too thin a 
slip, condition of clay particles, dispersed or coagulated, etc. In 
view of these facts numerous attempts have been made to devise 
other methods of drying the clay, but to the writer’s knowledge 
none have proved more efficient than the filter-press. The 
osmose purification process used in England® eliminates the 
filter-press, but it is a question if this apparatus would prove 
more efficient in this country. 

Bleininger* says: “If the electrical continuous separation 
can replace the filter-press economically its use would be justi- 





S Trans. Engs Cer. SOC Ve yn05-40: 
7 Bleininger, page 51, Tech. Paper 51, Bureau of Standards. 
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fied. To a large extent it would be a matter of the comparative 
economy: of the electrical endosmose apparatus and the filter- 
press. If the latter should be improved as has been done in 
the so-called clamshell press, it is quite possible that the economic 
advantage might remain with the filter-press.”’ 

The drying of the filter-press cakes is best accomplished in 
a tunnel dryer heated by exhaust or live steam. The filter-press 
cakes after being thoroughly dried are crushed into small pieces 
in a set of rolls. 

Extra Cost of the Colloidal Chemical Process. The ex- 
tra cost of the.caustic soda-sulfuric acid process of refining kao- 
lins over present-day methods may be divided into three groups: 
mechanical, chemical and chemist, all costs being figured on the 
basis of 50 tons per day. 

The extra equipment necessary for the successful operation 
of this colloidal chemical process is: One disc clay feeder, one 
washer, extra floating trough and two 150-gallon tanks. The 
cost of operating and maintaining this extra equipment will be 
about $0.12 per ton. 

The present (March, 1916) price of caustic soda is $0.03 
per pound and that of sulfuric acid $0.025 per pound. There- 
fore the cost of chemicals will be $0.0825 per ton. 

The successful operation of this process will depend upon 
the care taken with the collodial chemical end. It will therefore 
_ be necessary to have a ceramic chemist, one familiar with col- 
loidal chemistry, on the job at all times. The services of such a 
chemist will cost at least $0.15 a ton. 

The extra total cost will therefore be about $0.35 a ton. 
However, it must be remembered in comparing the cost of the 
two methods that the caustic soda-sulfuric acid process increases 
the capacity of the plan. For example, the slip of the maximum 
permissable viscosity of 1.094 after complete dispersion contains 
17 percent of clay, while the slip that is not dispersed contains 
10.8 percent during dry weather and 7.6 percent during wet 
weather. Taking the average percentage of clay, 7.64 percent, 
under the present dry methods, the increase in capacity will be 
123 percent. Therefore this increased capacity will more than 
balance the increased cost of production. 
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SUMMARY 


The application of colloidal chemical principles in kaolin 
refining on a commercial scale is thoroughly practical and the 
product obtained has a greater degree of purity which is not 
possible under present methods of refining. In order to utilize 
the NaOH-H,SO, process it must be remembered that: 

Ist. The clay and water must be fed into the washer in a 
uniform rate. 

2d. Double blunging or washing is necessary.. Without 
thorough blunging the process is doomed to failure. 

3d. The caustic soda must be added in definite quantities, 
the amount depending upon the character of the clay and the 
quantity being fed to the washer. 

4th. A constant viscosity of about 1.068 must be maintained 
at the head of the floating troughs in order to obtain a uniform 
product. The viscosity should never exceed 1.094. 

5th. It is advisable to agitate the slip before it is allowed 
to run through the fan-shaped trough. 

6th. The last floating trough should be fan-shaped, at least 
125 feet long, 2 feet wide at inlet, 7 feet wide at discharge end, 
and perfectly level both ways. The sides of this trough should 
be very smooth while the bottom comparatively rough but uni- 
form yin textire. 

7th. Only sufficient sulfuric acid to just neutralize the 
caustic soda should be added. 

8th. It is absolutely necessary to have a ceramic chemist, 
one familiar with clay disperse systems, on the job at all times, 
for it is impossible to make the process fool-proof. 


PART II. THE UTILIZATION OF THE TREATED GEORGIA 
KAOLIN | 

Introduction. Having worked out an improved process 
of kaolin refining the question, “Will the treated clay be suffi- 
ciently improved so that it can be utilized in the manufacture of 
the finer grades of ceramic wares by substituting it for the 
English china clay?” at once arises. In order to answer this 
question several tons of clay were refined by the NaOH-H,SO, 
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process at the plant of the Georgia Kaolin Company, to be used 
for test purposes. Owing to the fact that during the refining 
of this clay the flow of clay into the washer was not uniform 
because a clay feeder had not been installed, and the amount of 
clay had to be approximately determined by viscosity tests taken 
every five minutes, it was not as pure as would be obtainable 
under standard conditions. However, upon making a number 
of settling tests it was thought that sufficient improvement had 
been made to warrant some preliminary tests on the burned 
color of the clay. 


Preliminary Tests. The average linear shrinkage of the 
washed Georgia, treated Georgia and English china clays are 
given in Table III. The shrinkage was determined by measuring 
the dry length and burned length of a 5 cm. mark placed upon 
to cm. disks in the green state. These disks were made by 
pressing the plastic clay into plaster molds. The disks were 
dried at 110° C. and the clay lengths measured, then fired in 
saggers at cone 10 in the kilns of the Mayer China Company, 
and the burning shrinkage determined. 


TABLE Ill 


BURNING 
KAOLINS SHRINKAGE 


DRYING 
SHRINKAGE 


percent 
Raolc echinatclaye sta, pee ieg es de. 4.48 
Washed: Georoia. Ea0lin. oo uaa ede eens | 4.38 8.12 
ieeated Georgia kaolin. 42.43... 63 3.24 8.16 


a~ 
N 
aoe 
(Ju) 
X 
DOS 
Ss 


From Table III it is seen that ae NaOH-H,5SO, process 
decreases the drying shrinkage about 25 percent, but the burning 
shrinkage is about the same, probably a slight increase. 


The preliminary tests on the use of the treated Georgia 
kaolin in white-ware body mixes were made in the ceramic 
laboratories of the Ohio State University. It was the purpose 
of these tests to determine how much improvement in burning 
color the treated clay would show over that of the washed 
Georgia kaolin when made up into glazed white ware bodies, 
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and also the approximate percentage of treated Georgia that 
could be substituted for the English china clay in a white ware 
body without impairing the color of the glazed body. 

The commercial materials used in this investigation are as © 
follows: 


Feldspar — Canadian feldspar — Pennsylvania Feldspar 
Company. 

Flint — Pulverized quartz sand — Ohio Silica Company. 

Florida kaolin — Edgar’s, Florida. 

English China — Moore and Munger’s M. W. M. No. 1. 

Ball clay — Tennessee No. 9, Johnson & Porter Company. . 

Washed Georgia clay — Georgia Kaolin Company. 

Treated Georgia clay — Georgia Kaolin Company. 

Whiting — Gilders. 

The analyses of these materials are given in Table IV. 




















TABLE IV 

FELDSPAR FLINT ee pete an sete WHITING 

| | | 
Silica eaiGy a. earec ee | 65 515-15 9918s 45-00 | AT 37 | 51.2051 1.30 
Alumina, Al.O, ....| 18.65 0:20- |= 392304 37285: 53221041 2714 
Iron oxide, Fe:O;3...| 0.10 0.06 0.05 | 0.31 0.73 0.10 

Titanium oxide. | | 
dic @ Stone erate as hh aoe 0.01 0.00 | 0.04 | 1.40 0.00 
Lime, 2CaG. =. ates 0.18 | 0.01 0.00 | 0.00 0.13 54.40 
Magnesia, MgO .... 0.00 0.01 | Trace | Trace | 0.00 0.00 
Potasii iO ase 102386 4) Jeane 0.42 1-402) O68! 0.00 
sOda, Na" We eu 3) ey eerie, 0.44 | 0.14 0.10 | 0.00 
Tenitton loss (oe. ee: 0.382 OoUsL. J4520 5) 2260.4 ES eT5 0.00 
Carbon dioxide ....|. 0.007] 6.00} 0.00; 0:00 0.00 | 42.68 


The numbers and composition of the bodies which were 


compounded from the above white burning materials are given 
in Table V. 
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TABLE V 
NO. 7 


No. l NO. 2 NO. 3 no. 4 











NO. 5 NO. 6 





| 




















percent |percent|percent |percent\percent|percent| percent 
Heldspatce ts eecies: 15.0 15.0 15.0 15.0 | 15.0 15.0 15.0 
Li SEA Y ae Se LOA ah cle 38 .0 38 .0 38 .0 Ses Sool oe.07 > 30.0 
Florida kaolin..... | 20 7.0 TROVE EO ee Teel 777.0 7.0 
Tenusbalixctay...:.7~ 23:0 3.0 3:0} 3.0 | OTe eG 3.0 
VIEL hci. ce 2 2.0 2.0 2.0 2.0 PANS (peed) 2.0 
Boehsn ‘ching. ..... Boe | 2.0.) ~ 12.0 0.0) 23.0} 12.0 0.0 
Washed Georgia.. 0.0 12.0 23 Ue eso) O20r 0 0.0 | 
Treated Georgia...| 0.0 0.0 0.0 | OO T1250 | 23.0 | 35.0 


The bodies consisting of 8,000 grams were weighed out and 
the weight checked by weighing the total batch. Each body 
was ground wet for five hours in a porcelain lined ball mill, 
sieved through a 120-mesh screen and divided into two portions, 
the one portion being used for casting small cups while the other 
portion was dried out to a plastic state in plaster molds lined 
with cheese cloth, and after wedging was used for jiggering 
small flower pots. 

The bodies were made up into 48 trials each, 24 by casting 
and 24 by jiggering. These trials were first air dried and then 
the drying completed in a gas-fired dryer. 

In order that the degree of vitrification of these trials would 
cover the range of vitrification of commercial white ware bodies 
from the high porosity of wall tile to the very low porosity of 
vitreous china, one-half of the trials were biscuited at cone 4 
and the other half at cone II. 

All trials were gloss fired at cone 3. The glaze used had 
the following molecular formula: 


0.25) PDO) 

Gat 1,0) = 
0.05 Na,O $ 0.25 ALO, | es a 
Oued CaO) SG 


| 
O:10 =71@) ) 
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Frit composition : 


OATOu Na 250 e510); 
0.90 CaO \ OR hoe | O.7-BsO= 


The glaze was applied in a thick coat to one-half of the 
trials by dipping, and in a thin coat to the other half by spraying. 
Results. Cone 12 biscuit — Cone 3 gloss — 


TREATED VS. WASHED GEORGIA KAOLIN. 


No black specks were observed in bodies Nos. 5, 6 and 7 
containing treated Georgia kaolin, while a number of specks 
appeared in bodies Nos. 2, 3 and 4, especially in body No. 4 
containing 35 percent of washed Georgia. Besides the treated 
kaolin bodies had a better color. 


TREATED VS. ENGLISH CHINA CLAY. 


Body No. 5 had just as good a color as body No. 1, while 
body No. 6 had a slight creamy tinge and body No. 7 a decided 
cream color when compared with body No. 1 containing all Eng- 
lish china clay. 


Cone 4 Biscuit, Cone 3 gloss. 


TREATED VS. WASHED GEORGIA CLAY. 


A few black specks showed up in body No. 4, but the dif- 
ference in color between the treated and washed kaolin bodies 
was only slight at this heat-treatment. 


TREATED VS. ENGLISH CHINA CLAY. 


Bodies Nos. 5 and 6 had just as good color as body No.1, 
but body No. 7 showed a very slight creamy color when com- 
pared with No. 1. 

Glazed white ware bodies containing the treated Georgia 
kaolin have a whiter color than those containing the washed 
Georgia. Treated Georgia kaolin can be substituted for at least 
40 percent of the English china in vitreous china, and for all 


° KAOLIN REFINING 797 


the English china in wall tile bodies without affecting the color 
of the product. 


These preliminary tests gave indications of the possible com- 
mercial uses of the treated Georgia clay and justified further 
tests on substituting it for English china clay. In order that 
these tests might be made under commercial conditions of white 
ware manufacture and the results practical, the Bureau of Mines 
secured the co-operation of the Beaver Falls Art Tile Company, 
The Mayer China Company and the Mosaic Tile Company. 


Vitreous China. The commercial tests on the use of 
treated Georgia kaolin as a substitute for English china clay in 
vitreous china bodies were made at the Mayer China Company, 
Beaver Falls, Pa. The main object of these tests was to obtain 
if possible a practical vitreous china body composed of all Amer- 
ican materials. 

The materials used in this investigation, with the exception 
of the treated Georgia kaolin, were taken from the stock bins 
of The Mayer China Company. The following materials were 
used: 


Feldspar — Eureka Flint and Spar Company. 
Flint — Ohio Silica Company. 

Florida kaolin — Edgar Plastic Kaolin Company. 

English china clay — Moore and Munger’s M. G. R. No. 2. 
Ball clay — Moore and Munger’s English ball clay. 
Treated Georgia — Georgia Kaolin Company. 


The body numbers and the percentage composition of each 
member of the three series comprising this investigation are 
given in Table VI. 
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The batch weights were determined from the percentage 
composition and figured to the basis of 8000 grams batch for 
each body. After weighing and checking the weight by weigh- 
ing the total batch 1.2 grams of CoSO, were added for a stain, 
and the bodies blunged in the ordinary wet way in porcelain 
lined ball mills. Series “A” was ground for only five hours, 
but after the bodies of this series were biscuited it was found 
that the blunging was insufficient to give the desired uniform 
texture to the body; therefore the bodies of series “B” and “C” 
were blunged for 20 hours. After thoroughly grinding, the 
bodies were passed through a 1I20-mesh sieve and dried out to 
a plastic condition in plaster molds lined with cheese cloth. As 
soon as the bodies were sufficiently dry they were wedged on 
a marble slab, and then each body was made up into ten discs 
IO cm. in diameter for shrinkage and absorption tests, and twelve 
5-inch plates for color comparisons. Twenty-four wedge- 
shaped trials for transluscency tests were also made from each 
body of series “B” and “C”. These trials were allowed to dry 
for about 12 hours and then settled. ) 

The finished trials were placed in saggers in the ordinary 
commercial way, and placed in the second ring of the biscuit 
kiln. Series “A” and “B” were burned to cone Io, but Series 
“C” only received a heat-treatment of cone 9 due to bad heat 
distribution in the kiln in which the trials of this series were 
burned. 


The glaze used had the following molecular formula: 


0.058 K,O /) 

03207 Na,@ * 2404010), 
0.530 CaO G2 (sina | 0.414 (BLO; 
0.205 PbO } 

Molecular formula of frit: 

0:2722Na,0 
0.021, KO 0.2720, ' Sie Sie 
0.607 CaO 344 Dabs 


Eight kilograms of the above-glaze were ground for sixty 
hours in a porcelain lined ball mill, passed through a 120-mesh 
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sieve and flocculated or thickened by the addition of 0.13 per- 
cent CaCl, (percent of dry weight). The thickened glaze was 
then applied to the biscuited plates by dipping in the ordinary 
commercial way. 

The glazed trials were gloss fired at cone 1 in the glost kilns 
of the Mayer China Company. 

Results. The physical and pyro-physical properties of 
the different bodies in this investigation will be compared with 
those of body No. 20, the composition of which was given to 
the writer by Mr. Ernest Mayer as a practical vitreous china 
body. The physical and pyro-physical properties that were 
studied are as follows: Working properties, drying-shrinkage, 
burning-shrinkage, absorption, transluscency and the color. 

The working properties of the bodies were studied from 
the ease with which the ware was formed in the jigger without 
flawing in some way. 

The drying and total shrinkage was determined by measur- 

ing the dry and burned lengths of 5 cm. marks placed on the 
10 cm. discs in the green state. The drying and total shrinkage 
data given in Table VI is expressed in percent of green length. 
The burning shrinkage was calculated by subtracting the drying 
shrinkage from the total shrinkage. 
_ The absorption data was obtained by weighing the dry 
discs and then soaking them in distilled water for 48 hours and 
again weighing. The average absorptions given in Table VI 
are expressed in percentages of dry weight. 

The transluscency was determined by measuring the thick- 
ness of the wedge-shaped trial through which the light passed. 
The average transluscencies are given in cm. in Table VI. 

Mocties= 1) . vl he purpose Of this series was to study the 
direct substitution of treated Georgia kaolin for English china 
clay in a practical vitreous china body. 

As the treated Georgia clay was increased the working 
properties of the body were improved, the drying and burning 
shrinkage and the absorption were increased. This decreased 
vitrification of the Geogia kaolin bodies is not due to the dif- 
ference in fineness of grain of the English and Georgia clays, 
as is commonly thought, for the Georgia kaolin is much finer 
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grained than the English china clay, but is probably due to the 
low alkali content of the Georgia kaolins. 

The color of bodies Nos. 21, 22 and 23 were just as good as 
that of body No. 20, while body No. 24 showed a very slight 
tendency toward a cream color, therefore only about 50 per- 
cent of the English china clay in an ordinary vitreous china body 
can be replaced by treated Georgia kaolin before the color of the 
glazed product is impaired. 

Series “B”. This series was designed to obtain a body of 
low absorption and still contain the maximum percentage of 
treated Georgia kaolin. To do this the feldspar (bodies 26 and 
27) and the whiting (bodies 28 and 29) were increased. 

The working properties of the four bodies of this series 
were very good. The burning shrinkage was increased with the 
resulting decreased absorption and increased transluscency. The 
color of all the bodies of this series was just as good as that of 
body No. 20. Body No. 29 was a good vitreous china poy of 
high transluscency. 

Series “C”.° The purpose of, this series. wassto. study ine 
effect of substituting treated Georgia kaolin for ball clay and 
magnesite for a portion of the whiting. Owing to the decreased 
biscuited heat-treatment the bodies of this series had an abnor- 
mal high absorption and low transluscency, as may be seen by 
comparing the data for bodies 29 and 29-B, Table VI: These 
two bodies had the same composition but were biscuited at dif- 
ferent heat-treatments. 

Substituting treated Georgia for ball clay decreased the dry- 
ing and burning shrinkage and increased the absorption. The 
transluscency was increased regardless of the decrease in degree 
of vitrification. 

Magnesite had a greater fluxing action ian whiting, as 1s 
seen by comparing the absorption of body No. 31 with No. 34. 

A direct substitution of Georgia clay for ball clay made the 
body too short and therefore greater amounts of Georgia kaolin 
must be used to produce a practical vitreous body. Bodies 32 
and 33 containing 17.0 percent and 20 percent respectively, had 
good plasticity, and worked well in the jigger, while bodies Nos. 
30 and 31 were too short. 
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The color of bodies Nos. 31, 32, 33 and 34 of this series 
had a much better color than body No. 20 or 29 which contained 
ball clay. Bodies 33 and 34 had the best color of the series which 
was evidently due to the substitution of magnesite for 50 per- 
cent of the whiting. 

Summary. A commercial vitreous china body could not 
be obtained by the direct substitution of Georgia kaolin for Eng- 
lish china clay, but the fluxes had to be increased to obtain the 
desired degree of vitrification. 

The substitution of treated Georgia for all the ball clay and 
50 percent of the English china clay produced a body (No. 33) 
of good working qualities and as good a color as the whitest com-. 
mercial ware and a far better color than most vitreous china 
ware on the market. 

As far as color is concerned more than 20 percent of treated 
Georgia kaolin can be used in bodies containing no ball clay, 
but the writer is of the opinion that if greater quantities were 
added the biscuited heat-treatment would have to be increased 
in order to secure the desired vitrification, for an increase in 
percentage of fluxes over that in body No. 33 would reduce the 
toughness of the ware, and as this is an important factor in high- 
grade vitreous china or hotel china, 20 percent of treated Geor- 
gia is about the maximum amount that can be used in this class 
of ware. Therefore in order to produce a vitreous china body 
containing all American materials, it will be necessary to sub- 
stitute for the 13.5 percent English china clay in body No. 33 
a domestic kaolin that is as easily vitrified as the English china 
clay, and having as good a burning color. : 

Wall Tile. The commercial tests on the substitution of 
treated Georgia clay for English china clay in wall tile were 
made at the Beaver Falls Art Tile Company, Beaver Falls, Pa., 
and the Mosaic Tile Company, Zanesville, Ohio, As the tests 
at the Beaver Falls Art Tile Company were of a preliminary 
nature they will be discussed first. The purpose of these tests 
was to determine the maximum amount of Georgia clay that 
could be made in a commercial wall tile. From the preliminary 
tests made at the Ohio State University it was seen that at least 
comparatively large amounts could be used in bodies of high ab- 
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sorption before the color was affected, but what effect large 
amounts would have on other pyro-physical properties of wall 
tile had to be determined in these preliminary tests at the Beaver 
Falls Art Tile Company. 

The materials used in this investigation were as follows: 


English china clay — Moore and Munger’s M. W. M. 
Ball clay — Kentucky No. 4. 

Florida kaolin — Edgar Plastic Kaolin Company. 

Flint — Pennsylvania Pulverizing Company. 

Feldspar — Pennsylvania Feldspar Company. 

Treated Georgia kaolin — Georgia Kaolin Company. 


As these tests were to form the basis of larger commercial 
tests at the Mosaic Tile Company, it was thought advisable to 
determine the fineness of grain of the flint and feldspar, in order: 
that the shrinkage and absorption could be controlled upon 
changing to a different feldspar and flint. The mechanical analy- 
ses were made on a Schultze elutriation apparatus® with an over- 
flow of 80 cc. per minute, and are given in Table VII. 
































TABLE VII 
| 
SEPARATES FELDSPAR | FLINT 
; ; | | 
Residue on 120 Mesh Sieve. Average diam. of | ee 
gta GILSON mis . es tee eee | 9.46 | 0.60 
Residue on 150 Mesh Sieve. Average diam. of | | 
SEALE « le) 1s ANIM a. csi acihe, Slae caeea eee te ae ete | 0.90 | 0.42 
Residue on 200 Mesh Sieve. Average diam. of | | 
grain “110 mins). er eee ee ee eee | a FE} 1.56 
Residue on 260 Mesh Sieve. Average diam. of | | 
Pram, Ol OOL Min. on tong ee eee | 10.70 | 9.30 
Residue on 830 Mesh Sieve. Average diam. of | | 
grain: 0578 tmm soi ea te oe ee | 9°36. 4 4.92 
Residue in Elutriator Jar No. 1. Average | | 
diam. of rain s.034 min... ses eee | DOTSA eo 25 .74 
Residue in Elutriator Jar No. 2. Average | | 
diam. of ‘grain’ .0187 “nimy.2, 42 | 9.60 | 18.00 
Residue in Elutriator Jar No. 3. Average | | 
diam.-of -crain 010>mmies oc | 10.80 | 19.06 
Overflow trom ‘Jar No. 3.0 18) eee | 20.84 | 20.40 





8 Page 46, Bulletin 53, Bureau of Mines. 
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The percentage composition of the bodies compounded from 
the above white burning materials is given in Table VIII. 

Ten kilograms of each body were weighed out, and the 
weight. checked by weighing the total batch. The bodies were 
blunged for five hours in a small blunger constructed from an 
ice cream freezer, the slip passed through a 120-mesh sieve and 
filter pressed in a small laboratory press. The press cakes were 
dried to bone dryness at 110° C. and then ground’to pass 20- 
mesh sieve. 13 percent of H,O was added to the ground bodies, 
these were thoroughly mixed by hand, and then reground in a 
small dust mill to pass 30-mesh. The dust was stored in stone- 
ware jars over night. 

The bodies were pressed into standard 6 in. by 3 in. tile 
on an ordinary hand screw press. In order to obtain uniform 
pressing, all bodies were pressed by the same experienced press- 
man. Thirty tile were pressed from each body which were 
divided into six sets of five tile each for distribution in different 
sections of the kiln. 

The tile were set in saggers in the ordinary manner. Each 
sagger contained five tile of each body composition, and were 
distributed in the kiln in the following way. 


A — Bottom of Ist ring, just above log wall. 
B — Top of Ist ring. 

C — Bottom of 2nd ring. 

D — Top of 2nd ring. 

E — Bottom of 3rd ring. 

IF — Top of ard ring. 


A pat of cones containing cones 9, 10, 11 and 12 were placed 
in each sagger. The heat-treatment that the bodies in different 
sections of the kiln received is as follows: 








KILN SECTION CONE 
| 
SET PETIT Hee en eS | 13 
Beek din n+ vinibnsct dem wssiginy cts ka Rea mee eee | 11 
Crs Sra cnnibbece wgitge | eis tee fas oe ee ee | 11 
Dv dele ess waniule ER 545 wags buen ee ori | 10 
Eas ee he riche Seid aera eee | 9 
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The burn was made in an ordinary down-draft Rivers kiln. 
The bad heat distribution which is evident from the above table 
was due to a change in burners. 

One.tile of each body composition from each section of the 
biscuit kiln was glazed with the regular glaze used by the Beaver 
Falls Art Tile Company. The glaze was applied by dipping. 

A study of the vitrification was made by the determination 
of average absorption and shrinkages. The absorption was de- 
termined by soaking the biscuited tiles in distilled water for 
48 hours and expressing the amount of water absorbed by each 
tile in percentage of dry weight. The shrinkage was determined 
by measuring the burned length of tile and expressing the dif- 
ference between the green length (length of die) and burned 
length in terms of percentage of green length. The different 
heat-treatments which the trials in different sections. of the kiln 
received, had a decided effect on the absorption and shrinkage. 
This may be emphasized by the actual results of Body No. 18 
given in. fable. TX. 

















TABLE IX 
KILN SECTION ABSORPTION SHRINKAGE 
| 

percent percent . 
Leary Nicks ee NSE Me ed ea aa ee 7.94 . 7.43 
Ee ee de oe ce 10719 6.90 
Ce ere Re et da 84 ks ae 9.75 6.88 
BoA OA ae sft na SNe fares 10.66 6.50 
ER ee rae en Slate eure tx ek ots 12.30 5.83 
ti Be aie Md ase dak «30h Ores 6.88 








The average shrinkages and absorptions are given in Table 
acl: 

As there is no standard method of measuring the shade or 
color of a wall tile, the shade of the glazed trials was determined 
by comparison. The results are given in Table VIII, “A”’ being 
the whitest shade and “D” the darkest. 

Results. Series “A”—The purpose of this series was to 
study the effect of substituting treated Georgia kaolin for Eng- 
lish china clay. From the results tabulated in Table VIII it 
is seen that as the Georgia kaolin was increased, the vitrification 
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was decreased, but no change in color was noted. All the bodies 
of this series had too high a shrinkage and to low an absorption 
for practical wall tile, as most commercial wall tile have a shrink- 
age of about 4.5 percent and an absorption of 14.0 percent. 


Series “B”—This series was designed to decrease the vitrifi- 
cation of members 13’ and 14 of series A. From the data in 
Table VIII it is seen that the shrinkage was reduced and the 
absorption increased but not sufficient to approximate that of 
commercial wall tile. An improvement in color was noted; this 
being due to decreased vitrification. The introduction of 1 per- 
cent whiting and I percent of magnesite did not improve the 
color of the tile. 


Series “C’’—The purpose of this series was to further re- 
duce the vitrification by substituting treated Georgia clay for 
Florida kaolin and ball clay. The results tabulated in Table 
VIII speak for themselves. However, the most interesting con- 
dition was found in bodies 18 and 19, when 33 percent of treated 
Georgia kaolin replaces 33 percent of English china clay with- 
out impairing the color of the glazed product. Another inter- 
esting fact was the improved color caused by substituting treated 
Georgia kaolin for ball clay (Body No. 20), and in spite of the 
fact that the Georgia kaolin composed 48 percent of the body 
composition. The shrinkage and absorption of body No. 19 
approximated that of commercial wall tile and was therefore 
used as a basis for further investigation on wall tile bodies. 


Tests at the Mosiac Tile Co. In the preliminary tests at 
the Beaver Falls Art Tile Co., the treated Georgia kaolin gave 
such good promise of being an ideal clay for wall tile manufac- 
ture that large commercial tests were thought advisable. These 
tests were carried on at the plant of the Mosaic Tile Company, 
Zanesville, Ohio. 


The materials used in this investigation were as follows: 
Flint — Pennsylvania Pulverizing Company. 

Feldspar — Pennsylvania Pulverizing Company. 

Florida kaolin — Edgars Plastic Kaolin Company. 

Ball clay — Cooley Ball. | 
Treated Georgia clay — Georgia Kaolin Company. 
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The numbers and percentage composition of the bodies in- 
cluded in this investigation are given in Table X. 

The bodies of series A and B consisting of 3000 pounds 
batch were prepared as follows: The total batch was blunged 
in a double blunger for one hour in the ordinary wet way, and 
then the slip was passed through a 120-mesh vibratory screen 
into an agitator from where it was pumped into the filter-presses. 
The filter press cakes were dried in a tunnel dryer heated by 
the waste heat from cooling kilns and then crushed into small 
pieces in a set of rolls. About 11 percent of water by weight 
was added to the crushed body, and after standing for several 
hours it was ground to a dust in an ordinary dust mill of the fan 
type. The dust was collected in a large storage bin from where 
it was taken to the presses. 


The batch weight of the bodies of series B was only 8000 
grams, and they were prepared as follows: 


1. Bodies weighed and weight checked by weighing total 
batch. . 

2. Blunged in porcelain lined ball mills for one hour. 

3. Sieved through 120-mesh screen’ 

4. Slip concentrated in plaster absorption bowls lined with 
muslin and finally dried completely in dryer. 

5. Crushed to pass 20-mesh screen. 

6. Tempered by the addition of 11 percent of water by 
weight. | 

7. Ground to pass 20-mesh screen. 

8. Allowed to stand for several hours in covered jar. 


The bodies were pressed into 6 in. by 3 in. and 6 in. by 6 in. 
tile on the power presses of the Mosaic Tile Co. 


The tile after being allowed to dry for about four days were 
set in saggers and biscuited at cone 11. The biscuited tile were 
then glazed with the regular glaze used by the Mosaic Tile Co. 
and gloss fired at cone 02. 

Results. The absorption, shrinkage and color data given in 
Table X were obtained in the same manner as in the preliminary 
tests. The breaking strengths given in this table were obtained 
by determining the weight that would break the biscuited tile 
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gripped between two steel plates. The weight was suspended 
21% inches from the point of support. 


Series “A”. The object of this series was to study the effect 
of feldspar vs. Cornwall stone in wall tile bodies. From the 
data in Table X it is seen that it takes I percent more Cornwall 
stone to produce the same degree of vitrification but the stone in- 
creases the strength of the body about 15 percent. The bodies 
of this series had too high an absorption and too low a shrink- 
age and breaking strength for good commercial wall tile. 

DBeticoe b> ae Lhe. pirpdse Oi “this series ‘was to. obtain a 
body of higher breaking strength. By comparing body No. 45 
of this series with body No. 43 of series A, it is seen that grind- 
ing a body ina ball mill instead of blunging increased the shrink- 
age but had very little effect on the absorption. The breaking 
strength was greatly increased by substituting ball clay for Flor- 
ida kaolin, and by increasing the clay content at the expense of 
the flint a further increase in strength was obtained, reaching a 
maximum of 100.8 pounds in body No. 53. As none of the 
bodies of this series were gloss fired no relative shade is given 
for these bodies. 

Series “C”. <A large commercial test was made on a body 
of the composition of No. 54, Table X. This body proved to 
be a good commercial wall tile body. The strength was 70 
pounds which is low, due to the fact that the dust was too dry 
when pressed. The shade or color of the glazed trial was as 
good as some of the leading wall tile on the market. 

Summary. Treated Georgia kaolin can be substituted for 
all the English china and a portion of the ball clay without im- 
pairing the color of the burned product. 

Cornwall stone makes a stronger body than feldspar, but 
a feldspar wall-tile body can be made that is as strong as any 
commercial wall tile on the market, providing that the total clay 
content is at least 52 percent and io percent of this must be 
ball clay and the remainder treated Georgia kaolin. 

The writer wishes to express his indebtedness for assistance 
in this work to Dr. Charles L. Parsons, Prof. Arthur 5S. Watts, 
and the co-operating firms. 


FRITTED LEADLESS GLAZES FOR SANITARY 
WARE 


BY CULLEN W. PARMELEE AND GEORGE A. WILLIAMS 


The purpose of this investigation has been the study of the 
development of glazes of the fritted leadless type for the porce- 
lain-like body used in the manufacture of sanitary ware. Such 
bodies are made of white burning clays, china clays and ball 
clays, flint and feldspar. They are biscuited and glazed at cones 
7 to g. The glazes commonly used on such wares are of the 
Bristol type with the addition of sufficient lead to obtain a better 
gloss and lower viscosity than is usually obtained with the true 
Bristol glaze. Glazes of the porcelain type may possibly be had 
for this purpose. In fact one of the authors has seen such, 
but the usual glaze of this sort does not give the qualities desired. 


The advantages and the objections to the use of lead in glazes 
are too familiar to necessitate restating. 

Glaze Materials. These are given in the accompanying 
tables of batch weights. No one frit would serve for all the 
glazes, therefore, several of different composition were used. The 
formulae and batches of the same are shown in the accompanying 
tables. We are aware, of course, that the composition of the 
frit and the amount used are important factors in the develop- 
ment of glazes of this type. 

However, it was not feasible to attempt to use one frit for 
all glazes, consequently we have chosen to neglect this detail 
which, in itself, would require a great deal of experimentation. 
We offer these results as a basis upon which other work may 
properly rest. In view of the fact that the frits used are of 
varying composition, we may group the various series together 
according to the frits used. 

Arrangement of Work. The experimental work was 
arranged according to the following plan: 


(812) 


FRITTED LEADLESS GLAZES FOR SANITARY WARE 813 


Series A — This group of glazes has the same equivalents of 
alumina, boric oxide and silica. The R O members are varied 
as shown in Fig. 1. For this series one frit, No. 2144, was used 


throughout. 
Series B — The alumina, boric oxide and silica equivalents 


are constant and the same as in Series A. The R O members 
are the same, but vary as shown in Fig. 2. This series differs 
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from Series A in that 0.1 equivalent of barium oxide was intro- 
duced as a constant, with the expectation that this ingredient 
would give greater fusibility and greater brilliancy to the glaze 
than could be had in Series A. 

Series C— The glazes of this group have the same equiva- 
lents of alumina, boric oxide and silica, also the same as in 
Series A and B. The R O members vary as shown in Fig. 3. 
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The series differs from Series A in that the alkalies are equally 
divided between soda and potash. 

Series D — The members of this group of glazes have the 
same equivalents of alumina and boric oxide and silica which 
are the same as in Series A, B and C. The R O members vary as 
shown in Fig. 4. This series is identical with Series C, excepting 
that the potash is introduced in the form of nitrate of potash in 
Series C and as pearl ash in Series D. 
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The Series A, B, C and D were arranged for the purpose 
of determining the most favorable R O compositions. From 
Series A we selected six glazes, Nos. 2145, 2146, 2147, 2188, 
2189, 2191, which appeared to be in the area of the best glazes. 
These glazes were taken as the basis of the following series. 

Series E— The R O members of this series were selected as 
described, and in all the alumina and silica remain constant, but 
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the boric oxide content varies from 0.5 equivalent to 0.1 equiva- 
lent. The purpose of this.series was to confirm the results ob- 
tained in Series A, to afford a better opportunity for the selec- 
tion of the best R O composition, and to compare the effects of 
varying the boric oxide content. 

Series F— This series is based upon a glaze No. 2188, 
which was selected as one of the best of Series A and Series E. 
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The R O members and the alumina remain constant. The va- 
_riables are the silica, ranging from 3. equivalents to 7. equiva- 
lents, and the boric oxide which varies from 0.1 equivalent to 0.5 
equivalent. The same frits are used in Series E and F. 

Series G— This series has a constant R O, which is the 
same as in Series F, 1. e., like glaze No. 2188, and the silica is 
constant at 3 equivalents. The variables are alumina ranging 
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from 0.3 to 0.7 equivalents and boric oxide ranging from 0.1 to 
0.5 equivalents. 

Series H — This series has a constant RO which is the 
same as in Series F and Series G; namely, like glaze No. 2188 
of Series A. The alumina and the boric oxide are variables of 
the same range as in Series G. The silica is constant at 4 equiva- 
lents. 
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Series [— This series is like Series G and H in having the 
same R O composition and the same variations in the alumina and 
boric oxide. The silica content is constant with 5. equivalents. 

Lhe Series F) G; Hand Ware; thereterey- alike in weaine 
based upon a constant R O which is also the same as that of 
glaze No. 2188 of Series A and Series E. It will also be seen 
that certain members of Series F are to be found in Series G, H 
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and I, thus furnishing a check. These check glazes were found 
to be similar in general characteristics, although not exactly alike, 
which may be attributed to the differences in the frits used. 
Series G, H and I are comparable, because they are made with the 
same frits. 

Body and Burning. Through the kindness of Trenton 
friends we were favored with the opportunity of trying the 
glazes in commercial kilns and on commercial bodies. Our lab- 
oratory burns were of about twenty-four hours duration, while 
the commercial kilns are burned for a considerably longer period, 
therefore, we found as might be expected some differences in 
the results. The results of our laboratory trials were in general 
confirmed. The essential difference being that larger numbers, 
1. e., larger areas of good glazes were obtained in the commercial 
kilns. These glazes were applied upon biscuited tile made from 
commercial bodies The burns were made at cone 7 

Frits. Table I shows the compositions of the frits, the 
series in which they were used and their deformation points. 
The latter were obtained by molding cones from the finely 
ground fused frits and determining the temperatures of defor- 
mation of the same in a Seger furnace, using a thermo-couple 
to record the temperatures. 
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RESULTS OF BURNS AT CONE 7 


Series A. Crazing occurs only on sample No. 2184. 

Opalescence. In the report on these experiments we apply 
this term to all appearances in the glaze of a cloudy or milky 
sort, whether associated with a play of color or not, since we 
have found in this investigation that these phenomena are evi- 
dently related. The trials showing opalescence are Nos. 2145, 
2148, 2146, 2185, 2189, 2147. Those highest in potash show it 
most strongly. 

Gloss. This increases with the increase in the zinc content. 

Color. Those highest in calcium are the whitest. 

Opacity increases as the calcium increases. 

Texture. The trial with the highest zinc content shows a 
blistered surface. Those highest in calcium have a semi-glossy, 
wavy surface. Those highest in potash have a dull egg-shell 
surface. 

Good glazes are found in the area bounded by Nos. 2145, 
2147 and 2191. Number 2186 has a very good surface and more 
gloss than the others, but is near the boundary limiting the good 
area since No. 2187 has crawled. 

Series B. Crazing — None. 

Opalescence — None. 

Gloss. The various glazes have about the same gloss which 
is fairly good. The influence upon the gloss of an increase in 
the zinc content is very slight. It apparently makes the glazes 
whiter. 

- Opacity increases as the zinc content increases. 

Texture. Glazes with lowest content of alkali have a 
slightly wavy surface. Others show an egg-shell surface. The 
glaze highest in calcium has crawled badly. 

Best glaze appears to be No. 2157. 

Series C. Crazing appears on sample No. 2207. 

Opalescence appears on No. 2207. 

Gloss. Most of the glazes are glossy, especially as the zinc 
content increases. Those highest in calcium are duller. 

Color. Those highest in alkali are not as good as the others. 

Textures. Those highest in zinc have blistered. 
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Best glazes are Nos. 2214,2212 and 2146. 

Series D. Crazing. Only No. 2219 has crazed, possibly 
No. 2220 also. 

Gloss. The best gloss is found in those glazes highest in 
alkalies. Those having the highest zinc are also glossy, but have 
various surface defects. The other glazes are more or less dull 
depending upon the lime content. 

Opalescence. Glazes No. 2220 and 2224 show opalescent 
areas. Glazes No. 2219, 2220 and 2221 show surface markings, 
apparently of a crystalline character. 

Color. The color of the glazes is very good. 

Texture. The glaze textures of this series are generally 
very good. Those glazes having the highest zinc content have 
surface defects such as blistering or crawling. 

Best glazes. The best glazes are Nos. 2221, 2224 and 2226. 
The area of best glazes is bounded by the glazes No. 2219, 2225 
and 2228. 


Series E. RO 0.5 AIO, 4 SiO, x B,O, 
Equiv. of B,O, 














| | | 
0.5 | 0.4 | 0.3 | 0.2 | 0.1 
: | | 
! 
| 
9145 9387 2388 9389 | 9390 
9146 2406 9407 9408 | 9409 
9147 9391 9392 9393 | 9394 
9189 9410 9411 9419 | 9413 
9191 | 9395 | 9396 9397 | 9398 
9188 9402 9403 9404 | 9405 


The R O members are as of the glazes indicated in the first 
column to the left and remain constant along the horizontal 
lines. } 

The R O members vary as one reads the column vertically. 

Crazing appears on glazes Nos. 2405, 2390. 

Opalescence appears in glazes Nos. 2145, 2387, 2146, 2406 
and 2147, also 2402 where thickly dipped. 

Gloss. The gloss decreases with the decrease in the con- 
tent of boric acid although the differences are slight. Glazes 
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- without zinc, 2. e. like Nos. 2146, 2188 and 2191 decrease in 
gloss much more markedly with decreasing zinc content. 
Texture. Best texture is shown by glaze No. 2188, Nos. 


2390 and 2405 are good mats. Most of the glazes show slight 
-egg-shell texture. 
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series F, Crazing is found on glazes Nos. 2434 and 2437, 
1. e. glazes having lowest silica. 

Color. Whiter glazes are had with the increase of silica. 

Texture. The best surface texture, 7. e. smoothness, frée- 
dom from pin-holes, egg-shell, etc., is had with lowest silica at 
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any boric acid content. Matness develops with a decrease of © 
boric acid at any silica content. 


The best mat is found, naturally, with the lowest silica and 
lowest boric acid content. 


Crystallization. The glazes found within the area indicated 
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-on Fig. 5 show surface markings which are apparently of a 
crystalline character. 

Best glazes. The best glazes are those containing four or 
five equivalents of silica and 0.2 to 0.5 equivalents of boric acid. 


Glazes Nos. 2421 and 2425 are very good, excepting for faint 
surface markings. 


FRITTED LEADLESS GLAZES FOR SANITARY WARE 823 


Gloss. Those glazes containing less than 0.3 equivalents of 
boric acid are dull. Figure 5. 


Series G. Crazing. Many of the glazes are crazed. 

Gloss. The glossy glazes are found among those having 0.4 
and 0.5 equivalents boric acid. Nos. 2510 and 2515 are good 
glossy glazes. 

Opalescence. The glossy glazes bordering on the area of 
crystallization show opalescence. 


Texture. Mats are found among those glazes having 0.3 
equivalents or less of boric acid. As the alumina content in- 
creases, the nat area increases. Glaze No. 2517 is a superior 
Mace rio a6: 


Series H. Crazing occurs on only one, No. 2547. — 


Crystalline area. In glazes having 0.3, 0.4 and 0.5 equiva- 
lents of alumina, in passing from low to high boric acid there is 
an area which appears to be marked by indications of crystalliza- 
tion. As the alumina content increases, this area decreases. Its 
boundaries are indicated on the chart. Those glossy glazes which 
border this area contain whitish separations. Mats are found 
with all contents of alumina having 0.1 equivalents of boric acid. 
As the boric acid content increases, the area of matness decreases. 

Best glazes are found in the area indicated on the chart, 1. e., 
among those having 0.5 and 0.6 equivalents of alumina and 0.3 to 
0.5 equivalents of boric acid. Fig. 7. 

Series I. Area of crystallization is well defined, although 
the crystalline character is not well developed. 

Best glossy glaze is No. 2570. Glazes outside of crystalline 
area are very good, excepting No. 2551. Fig. 8. 


SUMMARY 


R O Groups. We have found in these experiments that 
the best range of R O members was within the limits 


0.4—0.6 K,O 
0.0—0.3 ZnO 
0.4—0.6 CaO 
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Those glazes higher in calcium were dull, and those having 
more than 0.3 zinc oxide were likely to blister. High alkali con- 
tent is usually accompanied by opalescence. 

The use of barium introduced as 0.1 equivalent did not bring 
about any especially notable change in appearance or gloss. 
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The substitution of soda for half of the potash had the effect 
of extending somewhat the area of good glazes. The use of 
pearl ash in place of potassium nitrate did not bring about any 
marked change. 

The R O compositian selected by us as the basis for ex- 
periments was chosen after inspection of trials fired in our 
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laboratory kiln. Subsequent burns in commercial kilns under 
longer period of firing showed that while the R O chosen was 
quite satisfactory, yet some other glazes containing zinc made 
even better appearance. The R O composition chosen, 1. e., glaze 
No. 2188, was selected solely upon the basis of the good appear- 
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ance of the trials, and it is interesting to note that it falls within 
the limits assigned by Seger to glazes of this type suitable for 
lower temperatures, namely 


G68 kK5© a J °? K,O 
0.4 CaO oper eG) 
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Silica. The silica content giving the best results as to 
gloss was five equivalents (See Series H). 

Alumina. The amount of alumina to be recommended 
lies at either 0.5 or 0.6 equivalents for glossy glazes, although 
less than this may be used with 0.5 equivalents of boric oxide 
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present. With series. having 3 and 4 equivalents of silica, 0.7 
equivalents of alumina gives mat or immature glazes with all 
contents of boric oxide. Mat glazes are found most extensively in 
the series having the lowest silica content, and as the silica con- 
tent increases, the number of glossy or semi-glossy glazes in- 
creases. 
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Boric Oxide. The effect of the increase of boric oxide 
in increasing the glossiness and fusibility of any glaze is appar- 
ent. The difference is not always as marked as one naturally 
expects. The most favorable B,O, content is 0.5 equivalents. 
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Opalescence. As stated elsewhere, we have used this 
term to describe the appearance of samples which may not 
show a play of colors, but only a milky turbidity of the glaze. 
We have chosen to do this because these experiments appear to 
indicate that they are due to the same causes. We have also 
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noticed that opalescence may be caused by the occurrence of small 
blisters below the glaze surface. 

With opalescence we have also found associated the dimming 
of the surface of the glaze in such a fashion as to have the appear- 
ance of a crystalline structure. Areas showing these appearances 
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are indicated as “crystalline” on the charts for Series F, G, H 
anGyl: 

The most marked milky and opalescent appearance of the’ 
glaze we have obtained under the following conditions: among 
the high alkali glazes of Series A; among the glazes high in boric 
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acid in Series E; among the glazes high in boric acid, low in sil- 
ica and low in alumina. : 

Additional experiments on opalescence were conducted in 
the same manner as used by Stull, (Trans. Amer. Cer. Soc. Vol. 
XII, 1910, page 129) that is, by preparing a biscuit tile with cup 
like depressions and filling the same with dry glaze, then firing 
in the kiln at cone 8. We can report results of only three series. 

The experiment in the case of Series B developes a few in- 
stances of opalescence in a series which did not show any in the 
glaze trials. . (See Figure 10). 

Series C (Figure 11) shows an opalescence which does not 
appear on the glazed trials. The position of the opalescent area 
is as one would expect from study of similar series, that is, 
covering the portion of the field highest in alkalies. 

The opalescence area in Series H (Figure 9) closely coin- 
cides with that observed on the glaze trials. (See previous chart 
of Series H). 

"Textures. Many of the glazes show an “egg shell” texture. 
Those that we have indicated as best are of course most free from 
such a fault. Those glazes which present the most satisfactory 
appearance are sometimes of doubtful value because milky or 
opalescent. It may be said that few of these glazes are as satis- - 
factory in texture (and gloss) as the glazes containing lead now 
in use. 

Crazing. Although these glazes were applied on bodies of 
different composition, yet, crazing was an unusual fault. It 
occured chiefly on glazes highest in alkalies, and the series (G) 
having the lowest silica content. In this series, apparently craz- 
ing decreases with an increase in alumina. 
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Batch Fritted 
weight weight 
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A STUDY OF KANSAS SHALES 


BY PAUL TEETOR 


The ten shales selected for this study occur in the Pennsyl- 
-vanian formation and were selected from deposits which are 
being used at the present time for the manufacture of various 
grades of clay products. 

The primary object of this investigation was to determine 
the viscosity of these typical Kansas shales at seven different kiln 
temperatures. The temperatures selected for this work were 
Seger cones 06, 03, I, 3, 5, 7 and 8. The kiln was heated up 
at a fairly rapid irregular rate until 200° below the finishing 
temperature, then the heating was increased at a regular rate 
of 20° per hour until the final temperature was reached, and 
this temperature held for one hour. This temperature regula- 
tion was easily executed by the use of natural gas as fuel and 
a platinum pyrometer for recording the temperature. 

In addition to viscosity determination the following data 
was determined. 

Drying shrinkage. 

Burning shrinkage-temperature relation. 

Porosity-temperature relation. 

Microscopic examination of the burned specimens. 


Shale No. 230 is a hard blue shale mined at a depth of 880 
feet below the surface of the ground. It requires quite a bit 
of time to develop sufficient plasticity to enable it to be molded 
into small bricketts. This shale is used for the manufacture of 
common stiff-mud building brick. 

- Shale No. 231 is a hard blue shale similar to No. 230 as 
regards its plasticity. This shale is used for manufacturing 
hollow building tile. The curves shown in this paper indicate 
that this shale could also be used for the manufacture of vitrified 


brick. 
(842) 
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Shale No. 232 is a blue shale underlying No. 233, which is a 
yellow shale, while No. 234 is a mixture of Nos. 232 and 233, 
and is being used for the manufacture of paving brick. These 
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shales develop very good plasticity upon the addition of the 
proper amount of water. 

Shale No. 235 is a hard blue shale requiring time to develop 
a small amount of plasticity. This shale is being used ioe the 
manufacture of vitrified paving brick. 
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Shale No. 236 is a blue shale with good plasticity and is 
used for manufacturing drain tile. 

Shale No. 237 is a blue shale with good plasticity and has 
been used as a portion of the mixture in the manufacture of 
vitrified brick. | 

Shale No. 238 is a blue shale with excessive plasticity, 
which has been used for the manufacture of common building 
brick and drain tile. 

Shale No. 239 is a yellow shale with good plasticity and has 
been used for the manufacture of vitrified paving brick. 

The test pieces used for the viscosity determination are very 
similar to those used by the U. S. Bureau of Standards in their 
work on the viscosity of shales. The shape of piece as well as 
the weight attached is shown in the sketch in Figure 1. The 
fire clay weight suspended to the bottom of the test piece was 
attached to give a tensile load of five pounds per square inch 
of cross section of the test piece, after it had been biscuited to 
a temperature of 850°C. These test pieces with their attached 
weights were suspended in the kiln in such a manner that the 
kiln gases could circulate freely about them. The lower edge of 
the test piece was ten inches above the floor of the kiln. The 
bricketts used for the porosity determination, as well as shrink- 
age temperature relations and for specimens for microscopic ex- 
amination, were 2 in, by 2an. bys1 any "Wherdata cecuccautrom, 
these determinations have been tabulated in Tables I, I] and III 
and are shown graphically in Figures 2, 3, and 4, and are self- 
explanatory. 

It will be observed that the curves in Figure 3 appear to 
bear some relation to those in Figure 2, but it is also noticed 
that there is a more distinct difference between the curves of 
the shales suited for vitrified ware and those not suited for such 
ware. In Figure 3, the curves of the shales which are suited 
for the manufacture of vitrified brick do not show any abrupt 

break, or decrease in the viscosity, below a temperature of Seger 
“cone 5. It should be remembered that shale No. 237 does not 
produce a good grade of vitrified ware when used by itself. 
The curves of the shales not suited for vitrified ware show a 
break in the viscosity curve, or a decrease in the viscosity, at 
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230 — 3.99 
231 — 4,325 
CIAO SD, 
(dele) > (CPEs 
254. — 6,19 
22F — 4/6 
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237 —6.75 
238 — $46 
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some temperature below Seger cone 5. This relation seems to 
work out very well with these particular shales, but the number 
of shales experimented with is entirely too small to justify 
drawing any general conclusions in this connection. It is to be 
noticed, however, that the critical point indicating the value of 
the shale is the point showing where the decided decrease in 
viscosity begins, rather than the point where the test piece pulls 
in two. 

The microscopic examination of these shales consisted of 
examining thin sections prepared from these specimens which 
were burned at a temperature of Seger cone 06, 3, and 8, with 
the exception of shale No. 239 which was examined after it had 
been burned to all of the temperatures mentioned ealier in the 
paper. 

These thin sections were examined with the regular petro- 
graphic microscope, and the micro-photographs reproduced in 
the paper show thin sections of the shales in polarized light 
with and without crossed nicols. The specimens represented 
were burned to Seger cone 3. This temperature was selected 
because, for the majority of the shales, it was the best maturing 
temperature. 

The micro-photograph of shale No. 230 shows very clearly 
the outline of the various coarse particles of the shale as formed 
during the crushing process. Due to the slow development of 
plasticity, it has not been thoroughly cemented together, and a 
resulting large amount of pore space is easily seen. It may also 
be noticed in the photograph showing the section under crossed 
nicols, that there is an extremely small amount of siliceous 
matter or other crystalline material transmitting the light. When 
the same shale is burned at a higher temperature and examined 
microscopically, it may be seen that the large coarse particles 
of shale have become more cemented together and the original 
pore space is greatly decreased, but also, that there is a rather 
large amount of circular air holes present, due, undoubtedly, to 
production of a bleb structure. 

Shale No. 231 bears a certain resemblance to No. 230 under 
the microscope, inasmuch as there is not a large amount of 
siliceous or other crystalline matter visible with crossed nicols. 
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This section, however, shows the material to be more compact 
and does not show the presence of any bleb structure when 
burned at a temperature of cone 8. 

Shale No. 232 shows the usual amount of compactness of 
a good shale and also a large amount of very fine-grained quartz, 
and a relatively. large amount of mica. The mica is easily visible 
at a temperature of cone 06, and cone 3, but is not recognizable 
maieatemperature of cone S. It_will be noticed that there-are 
practically no large pieces of quartz but a large amount of ex- 
tremely fine quartz. The photographs represented here in each 
case show a magnification of 40 diameters. | 

shale No: 233° is very similar to No. 232 excepting that 
there is a smaller amount of mica and some larger quartz particles 
Visible. A trace-o1 the mica can still be seen at a temperature 
of cone 8. Also, at this temperature a few rounded holes are 
to be seen, but they are so few in number that it is doubtful 
whether they are due to the formation of any bleb structure. 

Shale No. 234 is a mixture of the two preceding shales and 
shows no additional or different qualities. 

Shale No. 235 shows the usual amount of quartz both large 
and small sizes as well as some highly ferruginous areas 
which at the maturing temperature of the shale have contracted 
more than the main portion of the shale and have left considerable 
pore space around the ferruginous mass. 

Shale No. 236 gives the same general appearance under the 
microscope as the preceding shale, insofar as can be seen, and 
presents no data yielding any light as to the reason for the poor 

qualities of this shale. 

. In shale No. 237 will be seen some very large quartz par- 
ticles which show that at this temperature there has been no 
rounding due to heat, as there are a number of very sharp angles, 
almost needle points, still present on these quartz particles. 
These sharp angular particles show up more distinctly on the 
photograph with the crossed nicols, and when burned at a tem- 
perature of cone 8, there are small areas of yellowish glassy 
material present in which are imbedded a thin net work of very 
minute needles. I have not been able to determine accurately 
the composition of these needles, but some of their properties 
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indicate that they have a composition of sillimanite. At a tem- 
perature of cone 8, there is a large amount of pore space present 
due entirely to the production of the bleb structure. 

Shale No. 238 is a very plastic ferruginous shale, and its 
appearance under the microscope is very similar to shale No. 
230, except that the various coarse particles and the resulting 
pore space are not to be seen. The similarity consists in the fact 
that there is an extremely small amount of fine siliceous mate- 
rial present in the shale, which is shown more distinctly in the 
micro-photograph with the crossed nicols. In the photograph 
without the crossed nicols, is quite plainly shown a very small 
area where the highly ferruginous portion has shrunk away 
and left a very large pore space surrounding it. This shale at 
higher temperatures shows a small amount of bleb structure. 

Shale No. 239 is at once seen to be a rather siliceous mate- 
rial showing a number of areas made up of a conglomerate of 
smaller quartz particles. The pore spaces in the shale are all 
of irregular outline, and there is no indication of a bleb structure. 
At a temperature of cone 8, there are some areas of a yellow 
glassy material in which are imbedded a net work of small 
needles of the same appearance as those present in shale No. 237. 

Conclusion. Insofar as the ten shales studied are con- 
cerned, this investigation indicates that the viscosity temperature 
curve is capable of giving additional data to aid in differentiating 
between shales for the manufacture of vitrified products, such 
as paving brick, and those not suited for such products. 

The microscopic examination indicates that the microscope 
is of more value as an aid in improving a product that is being 
manufactured, rather than to determine the value of a shale. 
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Fic. 5a — Clay No. 230, 40 diam, 





Fic. 5b — Clay No. 230, Crossed Nicols. 
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Fic. 6a— Clay No. 231. 





Fic. 6b — Clay No. 231, Crossed Nicols. 
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Fic. 7b — Clay No. 232, Crossed Nicols, 
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FIG. &b — Clay No. 283. Crossed Nicols. 
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Fic. 9b — Clay No. 234, Crossed Nicols. 
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Fic. 10a — Clay No. 235. 





Fic. 10b — Clay No. 235, Crossed Nicols. 
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Fic. lla — Clay No. 236. 





Fic. 11b — Clay No, 286, Crossed Nicols. 
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Fic. 12b — Clay No. 287, Crossed Nicols. 
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Fic. 18a — Clay No. 2388. 





Fig. 18b — Clay No. 288, Crossed Nicols. 
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Fic. 14a — Clay No. 239. 





FIG 14b — Clay No. 239, Crossed Nicols. 


THE DESIGN AND CONSTRUCTION OF A PRO- 
DUCER-GAS HOUSE FOR CLAY PLANTS 


BY A. F. GREAVES-WALKER 


The use of producer gas in the clay industry is undoubtedly 
growing, although its growth is slow. In the last two years 
its successful use in connection with periodic kilns, both up and 
down draft, as well as with dryers and boilers, without the use 
of preheated air, has given it an added impetus. The contin- 
uous kiln, in connection with which it is best known, has also 
been greatly improved recently, and this, in itself, would tend 
to extend the use of producer gas. No matter what can be said 
against the use of producer gas in the ceramic.industry, it has 
proved itself a money-saver when intelligently used, and this 
fact alone is bound to widen its use in time. 


The first cost of a producer gas installation has always been 
comparatively heavy, and therefore there has been a tendency 
on the part of users to skimp in every way possible. The hous- 
ing of the gas producers has suffered particularly in this respect. 
Poorly designed and constructed gas houses, however, are also 
due in part to a lack of knowledge on the subject. Even the 
ceramists who were best informed had many things to learn, 
and as is generally the case, the required knowledge could only 
be had from actual experience. 


Originally, little thought was devoted to the gas house. As 
a general rule it consisted of a roof over the producers, a mere 
open shed. Little attention was paid to such details as the hand- 
ling and storing of fuel, handling of ashes and the accessibility 
of flues. Naturally this added to the running expense of a plant. 
Conditions in our industry differ materially from those in the 
steel industry. In the latter, auxiliary producers, flues and fur- 
naces are generally provided to take care of necessary shut- 
downs. In the clay industry this is not the case. Only such 
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equipment is provided, as a rule, as will keep the plant running, 
and if anything happens to it, a shut down becomes unavoidable. 


Conditions cannot always remain so, and the time is ap- 
proaching when the clayworker will learn that his gas plant re- 
quires as much attention as any other part of his equipment, if 
not a little more. 

Design of the Gas House. In design, the gas house is 
quite simple. The building should be strong, roomy and have 
good ventilation and light. 


If an extra producer is not installed with the original equip- 
ment, space should be allowed for one at the time of the erection 
of the building. The charging floor has to serve as a coal stor- 
age, and it is therefore necessary to so design it that it will 
readily carry from 25 to 50 tons to each producer. Many 
charging floors are built of heavy timbers and 2-inch flooring, 
but a steel and concrete floor is by far the safest and best, es- 
pecially as it eliminates a fire hazard. Of course coal pockets 
could be built and a lighter floor put in, but this is an expense 
that is hardly justified on the average clay plant. Sufficient 
head room should be left above the charging floor to allow for 
swinging the long pokers. Roughly, this means that the roof 
should be the same distance above the tops of the producers as 
the producers are high. Plenty of large wall openings should 
be left on this floor, and a monitor should run the entire length 
of the roof. Ventilation is very important as gas fumes quickly 
sicken the producer men. 


Laying out a good cleaning floor is sberete In the first 
place sufficient room must be allowed all around each producer 
for handling bars and pokers in cleaning. This should not be 
less than eight feet. Space must also be left around each blower 
so that it is accessible from all sides. Blowers are often placed 
in the most inaccessible places, to the detriment of the operation 
of the plant. The water pans or water seals of the producers 
are often set so that the tops of the pans are flush with the | 
floor. This is a mistake, as the pans are then much harder to 
clean. If set up on the floor, like a saucer, a man does not have 
to break his back to clean them, and the cleaning doors come 
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about on a line with his shoulders, the best possible position for 
barring down clinkers. ) 

The wall openings on this floor should be near the ceiling, 
and there should be as many as possible, to provide not only the 
light necessary, but also ventilation since the temperature on this 
floor gets very high in warm weather. There are few hotter 
jobs than cleaning some producers, and if plenty of air is not 
provided, men cannot stand up to the work. 
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One of the drawbacks to the use of producer gas has been 
the necessity for burning out the flues every six to ten days. 
This generally means a ten to twenty-four hour shut-down —a 
clear loss. In seeking the reason for this, the writer found that 
practically all of the difficulty lay in the accumulation of soot 
and tar in the producer necks, and under the gas down-takes in 
the main flue. When there was scarcely any accumulation in 
the kiln flues, these points would be practically choked up, thus 
cutting off the gas supply. As no provision is ordinarily made 
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to clean out the flue under the down-takes, it is necessary to 
“burn out”. By building openings into the main flue from the 
cleaning floor, this difficulty is entirely overcome, with the result 
that it is only necessary to burn out every thirty to sixty days. 
The method of construction of these clean out openmgs may be 
seen in Fig. 1. 

Equipment of Blowers and Producers. In order to have 
proper control over the gas making, the producer house should 
be equipped with the proper instruments. Each blower should 
be equipped with a steam gauge inserted in the steam line, and 
a draft gauge inserted in the blast pipe between blower and pro- 
ducer. In each gas neck should be placed a pyrometer, so that 
the gas can be kept at the proper temperature. In the main 
steam line which supplies the blowers, a steam regulating valve 
should be placed in order to overcome fluctuations in boiler pres- 
sure. 

When producers are equipped in this manner, it is an easy 
matter to train men to handle them and equally as easy to get 
perfect gas and perfect results from it. 


DISCUSSIONS. 
(867) 


1The order of discussion follows that of the original papers. See Table of 
Contents. 
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PRACTICAL NOTES UPON THE MANUFACTURE OF FIRE 
BRICK SHAPES. 


R. H. H. Pierce: For some coal-gas installations, silica 
brick are surface ground by machinery to less than .o1 inch 
variation. Such shapes are laid dry, and on heating, the ex- 
pansion of the silica makes absolutely gas tight joints. 


Regarding grogs, that Pastas By calcining flint fire-clay 
is the best. 

In drying thin flat tile, a dale sy sanded pallet is also effec- 
tive as it allows the shape to “creep” freely. As a mold 
lubricant, the use of river sand, or clayey sand would not be 
permissible on high grade brick.. I would emphasize the state- 
ment that the demand is for more intelligent preparation of 
materials now in use to meet individual conditions, rather than 
to discover new refractories. 

R. J. Montgomery: In connection with a paper of this 
kind I believe it would be well to criticise the usual method of 
proportioning clays used in batches which are made into special 
shapes. A company will go to considerable expense to make 
molds and keep them in good condition, pay special attention 
to the molding, drying and burning but will still proportion their 
batches by the wheelbarrow load or at best use cars of a certain 
volume capacity. It is well known that the volume method of 
proportioning a batch is very crude and will never give a batch 
of uniform composition. The weight of a cubic foot of clay 
will vary greatly due to the moisture, fineness of the grinding 
and the amount of packing in the box. This variation is suf- 
ficient to seriously affect the quality of the shapes manufactured 
and cause defects, such as lowered refractoriness that do not 
appear until they fail in an installation. Shapes are usually 
made of especially selected clays and are of enough importance 
to justify the slight increase in cost of weighing the clays, mak- 
ing an allowance for moisture content when necessary. The 
weighing method of proportioning has been adopted by prac- 
tically every industry even when large amounts of crude mate- 
rials are handled. 
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H. L. Longenecker: I consider Mr. Montgomery’s argu- 
ment in-favor of proportioning by weight extremely well taken. 
The reason this method has never been used, or at least not on 
any large scale, is undoubtedly because it has been considered 
an unnecessary expense. This refinement will come just as soon 
as fire brick consumers are in a position to enforce specifications 
which will make proportioning by weight a necessity. Many 
refractory manufacturers have, by more intelligent handling of 
their raw materials, within the last decade, surpassed the bounds 
of their own imagination in meeting specifications. We have 
every reason to believe that by the application of engineering 
methods to the manufacture of refractories a proportionate in- 
crease in quality will be made in the future. reviag! 
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CHEMICAL PORCELAIN 


L. E. Barringer: I wish to call attention at this point to 
recent developed glasses, amongst which is that known in the 
market as Pyrex, for which much is claimed in the matter of 
heat resistance and also as to insulation value. In looking at 
Mr. Klein’s slides this morning, I think many of us would obtain 
the impression that such a conglomerate mass might be expected | 
to possess relatively poor insulation value and to be rather low 
in mechanical strength and that if the elements could be brought 
into a uniform homogeneous product, or mass throughout, this 
would accomplish the very best results. It might be said that 
glass represents the end to attain, and yet, if glass is a perfect 
product physically it is difficult to explain why we do not find 
the great insulation value that should be expected in Pyrex, or 
similar heat-resisting glasses. In the matter of disruptive strength 
Pyrex is apparently no better than porcelain, and yet the physical 
structure must be entirely different. In the matter of mechanical 
strength, Pyrex is very strong, and yet porcelain may be made 
just as strong and yet retain its crystalline structure. On the 
other hand, we have the very coarsest products showing quite 
remarkable mechanical strength as for instance some of the 
corundum and carborundum mixtures. [| have been informed 
that the introduction of 5 percent or 6 percent of carborundum 
into sagger mixtures would increase the strength immensely, 
and if it were not for the high price, such mxtures would be 
used. I only cite this to raise the question as to the reasons 
why these various products act as described. The heat-resisting 
glasses are very high in boron, which is of interest in view of 
the fact that the papers seem to indicate that alumina is the 
essential feature. 


A. V. Bleininger: It seems to me, from the points raised 
by Mr. Barringer, that it would not be altogether impossible to 
produce an artificial flux to replace feldspar. In this manner it 
might be feasible to accomplish things impossible with the use 
of feldspar. We might in fact, control the kind of glass ulti- 
mately produced in the final porcelain. Thus for instance, if 
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necessary, boric acid might be introduced in the synthetic flux 
and the maturing temperature of the porcelain lowered cor- 
respondingly. | 

Mr. Purdy stated that the Norton Company have attempted 
the preparation of a feldspar alumina mixture fused in an 
electric furnace, and so far have not been successful in its use. 
They have not lost faith because of the reported success by the 
German investigators, but so far have not found that that ma- 
terial, in any mixture tried, would decrease tendency to deform 
at high temperature, especially if there is any span or load. 

Mr. Spurrier suggested that an etched piece of glass be 
examined under a microscope. He explained that while it may 
be visually homogeneous, it is not optically so, but shows a very 
nice development of crystals: they do not have any needle-like 
structure, and for that reason we would not expect any greater 
strength there than from the strength developed by the inter- 
lacing of sillimanite. 
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A CONTINUOUSLY OPERATED TUNNEL KILN FOR HIGH- 
GRADE 'WARE 


Mr Burt noted that the continuous kiln at the Royal Por- 
celain Works, Berlin, was not mentioned among those having a 
movable firing zone. He also inquired whether the length of time 
during which the ware is exposed to the maximum temperature 
is left to the judgment of the burner, and how the movement of 
cars is regulated. 


Mr. Barringer replied that the burner is nearly always in 
the neighborhood of the firing zone and by going to the top of 
the kiln, one can easily look down through the opening and ob- 
serve the condition of the cones. The movement of the train 
through the kiln is not strictly continuous, but proceeds by steps, 
each step being a car length. The whole train of 36 cars is moved 
approximately every 2 hours. Just as soon as a car is pushed 
into the tunnel one car is pushed out of the firing zone and 
another pushed in. The burner knows that the next car is in 
the firing, or critical zone, and determines when it is to be taken 
out. When that car is taken out, another passes in and so on. 
The responsibility lies in looking after the car which is in the 
firing zone. The burner passes the word that he is ready for 
another car, and the time he keeps each car in the firing zone 
will sometimes be slightly under and sometimes slightly over 2 
hours, but the period of two hours may be taken as an average. 
Cone 11 down is the maximum temperature of the kiln. 


Replying to Mr. Montgomery, Mr. Cermak stated that there 
was no slope in the kiln track, and that two men can ordinarily 
move a train of 36 cars. The employment of gravity feed 
would introduce a difficulty in construction which would not be 
compensated for by the labor saved. No ware which is easily 
tipped over is set in this kiln. 

Replying to Mr. Horning, he stated that asbestos packing 
one inch thick is placed between the cars to regulate circulation 
of gases. . 

Mr. Barringer stated regarding uniformity of product, that 
at first there was much “off colored” ware, but this was cor- 
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rected and at present the product is equal to, or superior in ap- 
pearance, to that from the periodic kilns. 

Replying to Mr. Potts as to the practicability of the kiln 
for drain tile and such wares, he said that for any ware that 
can be set on a car, and pushed thru on cars, this kiln would 
be practical and especially for ware not requiring particular care 
as to color and dimensions. The kiln has been more thoroly 
successful at Keasbey than at Schenectady altho they obtain 
excellent results in firing porcelain. 

Of course there are considerations in a system of this kind 
which must be thought of before one builds the kiln, such con- 
siderations as losing the whole kiln system at once if any thing 
happens. It would always be necessary to be safe-guarded by 
having a certain number of periodic kilns, and I notice in all 
the German factories that they do not depend entirely upon the 
continuous system, but have a certain number of round potters’ 
kilns. If a three or four-kiln plant attempted to operate en- 
tirely with a continuous kiln, there would be days of no output 
at all, and periodic kilns are necessary if you want to guard 
against differences in producton. The greatest possible good of 
a kiln of this type lies in a very large, continuous production the 
year round. If the production is erratic, that would be another 
consideration. 

Replyng to Mr. Stover’s question regarding fuel economy 

as compared with 18 ft. kilns, Mr. Barringer stated that at 
Keasbey an economy was proven, and that the Didier, March 
Company published a bulletin on this kiln which contains such 
information. 
Replying to Mr. Watts’ statement that the kilns at Altwas- 
ser have a pair of auxilary or pre-heating fire boxes about three 
car lengths ahead of the main firing zone, he stated that this 
was apparently necessitated by the higher temperature required. 
The kilns at Schenectady and Keasbey have only one firing zone 
with two fireboxes on each side of the kiln. 


875 


AN ATTEMPT TO FIT ENAMELS TO PLASTIC CLAY 
BODIES. 


Mr. Parmelee asked if some of the crushing was not due 
to the grog in the body. 

Mr. Kirkpatrick replied that he thought not, because there 
was no difference in results obtained with clay bodies and grog- 
ged bodies. 

Mr. Parmelee said that when people are using a fire clay 
body they ordinarily add glue or gelatin to their slip in order 
to accomplish the results being sought here. 
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METHODS OF CALCINING CLAY FOR GROG. 


R.- Rk. Htce: "Thé- shaft kiln ireferred to by. Protessor 
Harrop is located in the Mount Savage district. In addition to 
this vertical kiln there are two others in use in Pennsylvania. 
These are located at Dean, Cambria County. These kilns are 
equipped with fire boxes, no coal being introduced with the clay. 
In practice the kilns are found satisfactory in so far as results 
are concerned, but the cost is practically the same as calcining 
clay in the regular brick kiln. As regards the character of the 
finished product there is practically no difference whether cal- 
cined in the common brick kiln or in the shaft kiln. 

It is to be noted in this case that the shaft kilns are equip- 
ped with four fire boxes each, so that the labor cost is prac- 
tically the same as with the down-draft kilns used for the 
same purpose, the only difference being that with the latter the 
action is intermittent, the kilns being filled, fired, cooled, and 
drawn, while with the shaft kilns the filling is continuous, the 
firing continuous and the drawing takes place also continuously. 
It would appear that the character of the clay very largely de- 
termines the possibility of using the shaft kiln for calcining 
purposes. 

C. B. Harrop: The company operating the two shaft kilns 
in the Mount Savage district, state that they can calcine their 
run of mine flint clay much more economically in the larger 
down-draft periodic kilns. This same statement has also come, 
after years of experience with various methods of calcining, 
from one of the largest manufacturers of refractories in the 
Middle West. 
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METHODS FOR THE FACTORY TESTING OF PLASTER 
OF PARIS. 


W.E. Emley: It is true that the determination of water is 
frequently merely a measure of the age of the sample, but if 
the plaster has been so exposed that it has taken up an exces- 
sive amount of combined water, its ability to set will be mate- 
rially impaired. 

The start of set is of great importance, because if plaster 
is mixed after its initial set has begun, the quality of the mold 
will be deteriorated. This start of set occurs before the temper- 
ature begins to rise, and cannot be read from the temperature 
curve. 

The strength of the set plaster is one of its most important 
properties in the ceramics industry. It would therefore seem 
that its measurement should not be lightly passed over as of 
minor importance. 

It might be well to lay more emphasis on the way plaster is 
is affected by minute amounts of various reagents. To obtain 
concordant results in the laboratory, it is absolutely essential 
that the dishes used be clean, especially free from all traces of 
set plaster: that the water be distilled, and the sand washed. 
The small amounts of impurities which may be introduced by 
neglect of these precautions will have a very marked affect upon 
the time of set and the strength of the plaster. Obviously, the 
same indeterminate factors may be expected to appear during 
the use of the plaster. The results of laboratory tests should 
therefore be interpreted with extreme caution, and are prac- 
tically worthless unless a specified method of using the plaster 
is rigidly adhered to. 
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METHODS OF MAKING THERMAL CONDUCTIVITY TESTS, 
AND THE TRANSMISSION OF HEAT THROUGH BRICKS. 


FE. P. Poste: I think it may be of interest to say a word 
as to actual results. A year ago we were considering the instal- | 
lation of this very material in connection with a new furnace. 
Our old furnace, the temperature of which is maintained at 
2000 degrees F., had a wall consisting of five nine-inch courses, 
and under ordinary conditions, the outside wall was very hot; 
if water would not actually boil on the surface, it would steam 
very noticeably. In building a new furnace we cut down from 
five courses of brick to three: inside course high grade fire 
brick, second course low grade fire brick, and an outside course 
of Nonpareil. If the outside temperature is an indication of 
the heat being lost, it is very apparent that we are losing much 
less heat by radiation on only a little over half of the wall thick- 
ness, it being possible to hold the hand continuously upon the 
outside surface of the new furnace while operating at the same 
temperature as the old. Aside from this we consider that we 
have more than saved the cost of the insulating brick by being 
able to substitute one course of brick where we had put in three 
courses. We did not place any in the crown of the furnace, 
fearing it would get too hot at that point. We were advised 
to put in only one inside course of fire brick instead of two. 
We were afraid of this however, as we depend to a considerable 
extent on the brick for heat storage and did not wish to cut — 
this down too much. By erecting the furnace as above, using 
the eighteen inches of fire brick and nine inches of Nonpareil 
brick we produced very satisfactory results. The change in- 
volved stepping from a small furnace to a relatively large one 
with a re-arrangement of burners, so it is impossible to give 
actual data as to relative gas consumption. 
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FACTORS TO BE CONSIDERED IN PORCELAIN INSU- 
LATOR DESIGN. 


L. £. Barringer: Mr. Ward has very clearly covered some 
of the troubles experienced with porcelain insulators, particu- 
larly line transmission insulators. If I understand the matter 
correctly, those troubles may be summed up as troubles which 
may result from (1), porcelain failing under sudden temperature 
changes; or, (2), under mechanical shocks; or, (3), the differ- 
ence in the coefficient of expansion of porcelain and materials 
used in connection with it, these coefficients of expansion not 
being properly related. Troubles due to faulty design or use 
of improper supporting or accessory materials of course cannot 
- be charged to the ceramic engineer, but must be left to the elec- 
trical and mechanical engineers. Insulators must be properly 
designed for the voltage, mechanical strains, climate, humidity, 
etc., and the materials used in assembling insulators must be 
such as will not cause failure. With the most perfect of ceramic 
products the best results will not be secured if the insulators 
are not properly designed and handled. It seems to come down, 
then, to making porcelain heat-resistant, resistant tw sudden 
temperature chahges and, above all, homogeneous. I have seen in- 
sulators taken from a line where there existed in the same piece 
porosity in one place and perfect vitrification in another. Such 
lack of homogeneity is fatal, and megger measurements will often 
show a great difference in insulators in the same line; some 
will be just as good after a year or two of weather exposure 
as originally ; others will have fallen off tremendously in insula- 
tion resistance due to incomplete vitrification or a slow absorp- 
tion of moisture through the glaze. There has been a great deal 
of discussion as to proper methods of testing, whether to use 
60 cycle or high frequency, or both, and we have two electrical 
engineers here to-day: Mr. Creighton, of the General Electric 
Company, and Mr. Skinner, of the Westinghouse Co. I think 
this is a splendid opportunity for them to address the Society 
with reference to some of these problems. 
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E. E. F. Creighton: I should like to bring a message to 
this Society from the electrical engineers. This problem of 
porcelain insulators is one of the biggest ones we have before 
us at the present time. Insulators that two or three years ago 
were considered entirely satisfactory, have failed in thousands 
on the line. There is no solution in sight. Some improvements 
in insulators have been made, but it will probably be two years 
before the changes that have been made have been tried out. 
The several manufacturers of porcelain have recently decreased 
their selling price, and in so doing they have cut themselves out 
of spending enough money experimentally to get the solution 
of the problem. I worked on this problem first from the elec- 
- trical side, and more recently have taken it up from the ceramic 
side, for the reason, which seems perfectly evident, that it is 
a combined problem of electrical and ceramic engineering. The 
ceramic engineers have not the facilities for getting the electrical 
tests that they need, and I can assure you that the electrical 
engineer is in no position at all to solve the ceramic problem. 


The losses to. the electrical transmission engineers today 
are something enormous. One engineer told me he spent $25,000 
this last summer, changing over his insulators on one line. The 
selling price of an insulator is something like 90 cents for a 
single disc: it costs perhaps $25 to replace one of these insula- 
tors, taking into account the amount of testing that has to be 
done along the line to locate the faulty one. The loss of prestige 
is very much worse. Nearly all the interruptions of service 
on systems fed by long distance transmission lines are due to 
faulty porcelain insulators. 

in regards to: the matter“ot enone my work has been 
mostly in the use of high frequencies and I hope that it will 
make it easier for ceramic engineers to take-up the electrical side 
with this new apparatus. The apparatus known as an oscillator 
gives a frequency of about two hundred thousand cycles per 
second and is simple to operate. It is attached to the r1o-volt 
circuit, and you do not have to have any complications with 
ammeters or volt-meters or watt-meters, or frequency-meters, or 
sine wave generators, etc. The one desirable measurement, volt- 
age, is taken simply by sliding a little rod along, the way you 
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measure distance in inches. By that simplification it is possible to 
get rid of a great many rules that the electrical engineers have 
made, and the improvements that can be made in porcelain can be 
tested out by the ceramic engineer. This matter, if any of you 
are interested in it, is published in the Proceedings of the Insti- 
tute of Electrical Engineers. I have a few extra copies left. 


C. E. Skimner: I have thought for a good while, that we 
might so standardize tests on a lot of materials that we would 
bring about a better understanding and a better development of 
the fundamentals, and I have been trying to. work along this 
line for a good many years. Among other things, a committee 
of the A. S. T. M. is trying to establish certain standard methods 
in connection with the testing of various insulating materials, 
including porcelain. It is the idea that if we can arrive at cer- 
tain fundamental tests, all those who are making the tests will 
follow the same methods and the same standards, and thereby 
soon arrive at a better understanding of these things. Now 
this does not mean that in testing porcelain, for instance, that 
these standard methods will be all the tests that would have to 
be applied: but if we can establish, for instance, the high fre- 
quency test that has been mentioned, the flash-over test, and a 
few other fundamental tests, with an exactness such that two 
observers at different places or at different times will arrive at 
practically the same results for a given piece, we will have gone 
very far to establishing means of making progress along this 
testing line. I wish to emphasize, therefore, the desirability of 
establishing certain fundamental tests for all who have to do 
with development and testing work. 


J. W. Ward: The comments that have been made in con- 
nection with the paper presented, bring out the fact that the 
problems to be considered cover questions of research, and in- 
vestigation on the characteristics of the materials that make up 
the body of the porcelain, next, the question of a design that 
will be satisfactory for service, and last, a commercial test that 
will check the first two requirements and enable the manufac- 
turer to turn out a product that will meet extreme operating 
conditions. . 
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Experience so far with the insulating problems of transmis- 
sion lines where the porcelain fails does not necessarily mean 
that in every case the insulator is at fault, in a good many cases 
the trouble has its foundation elsewhere, the question of dis- 
tribution of stresses, the design of metal attachments, the pro- 
tective devices, these points all must be considered and their 
relative values taken into account in the final analysis. 

Porcelain insulators in the past few years are rapidly be- 
coming a highly specialized product, and new standards are con- 
tinually being advanced due to the rapid development of the elec- 
trical industry, and in order to keep up with this development 
it demands the serious attention of the combined efforts of both 
the ceramic and electrical engineers to better understand and 
solve the problems involved. As these new standards are estab- 
lished the manufacturer and consumer are gradually better 
understanding the technicalities of the porcelain art. 
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NOTE ON THE DETERMINATION OF SEVERAL DIS- 
SOCIATION POINTS. — 


W. E. Emley: The authors of this paper seem to have 
overlooked the fundamental principle which governs dissociation. 
Calcium carbonate has a certain definite dissociation pressure at 
any given temperature. This pressure is more or less completely 
counterbalanced by the partial pressure of the carbon dioxide 
in the surrounding atmosphere, and either dissociation or asso- 
ciation will occur, depending upon which pressure is the greater. 
Moreover, the difference between the two pressures is one of 
the controlling factors which governs the speed of the reaction. 


Referring to Johnson’s article, with this principle in mind, 
we find that the dissociation pressure of calcium carbonate be- 
comes equal to the partial pressure of carbon dioxide in ordinary 
air at about 600°. At temperatures slightly above 600°, we 
would therefore expect dissociation to occur very slowly, it is 
true, but completely if conditions are maintained constant until 
equilibrium is reached. The present article therefore corrobo- 
rates Johnson’s work. 

The temperature obtained by Bleininger and Emley were 
lower because they sed limestone instead of C. P. CaCO,. The 
acidic impurities in the stone tended to drive out the carbon 
dioxide, in much the same way that sulphuric acid would at 
lower temperatures. 


In the cement and ceramic industries, this effect of such 
acids as silica would tend to lower the temperature of dissocia- 
tion. On the other hand, the partial pressure of the carbon 
dioxide in kiln gases is greater than in ordinary air, which would 
tend to raise the temperature. These two causes acting in op- 
posite directions may nullify each other, or they may not. At 
least no conclusions can be drawn from the data in the present 
paper. 

The same reasoning applies to the authors’ discussion of 
calcium hydroxide: when properly interpreted, their results cor- 
roborate Johnson’s. They differ from Hursh’s results probably 
because Hursh did not slake his lime with a “decided excess” 
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of water, and may have had a different physical form of hydrox- 
ide to begin with. : 

It is a well known fact that gypsum will lose all of its water 
at 105°. The authors should have considered the rate of disso- 
ciation. The dissociation pressure of CaSO, .2 H,O is very 
high at this temperature, so that the first part of the reaction 
takes place quite rapidly. CaSO, .%H,O at 105° has a disso- 
ciation pressure only slightly above the partial pressure of the 
water vapor in ordinary air, so that this part of the reaction 
takes place very slowly. Indeed, if the air is nearly saturated, 
the partial pressure of the water vapor may be greater than the 
dissociation pressure of CaSO, .1%4 H,O, so that no decomposi- 
tion will occur. That this time element was overlooked is evident 
from the authors’ statement that they got no decomposition at 
80°. By giving the system time to reach equilibrium, CaSO, 
2H.O can easily be reduced tovCas@G. 4-1) © a so ecrvcn 
under ordinary conditions. If especial precautions are taken to 
remove the water as fast as it is liberated, so that the partial 
pressure of the water vapor in the surrounding atmosphere is. 
kept practically at zero, CaSO, .2H,O will eventually lose alk 
of its water at 80°. 


885. 


THE INADEQUACY OF STATIC PRESSURE DRAFT GAGES. 


W. A. Hull: Prof. Harrop has given us an analytical 
explanation of the fact that the so-called draft gage is not gen- 
erally useful to kiln burners. Many plants have draft gages 
but most of them have never found application in the actual 
burning of kilns. The draft gage connected to the stack or 
to the flue between kiln and stack does not give the kiln burner 
any consistent information, and Prof. Harrop’s technical analysis 
of the agencies affecting the readings of draft gages confirms 
the conclusion of many kiln burners that they could not use 
such a device. The burner’s best guide in the matter of damper 
adjustment is its effect. He has to adjust his damper so as 
to make his fires burn as he knows they must burn to make 
the right burning progress in the kiln, no matter what a draft 
gage may happen to be reading on that particular kiln at that 
particular time. What the burner knows as draft is not the 
thing that can be measured at the stack or at the flue to the 
stack but the thing that drives the air through his fuel bed. 
That force could be measured, by means of a draft gage with 
tube connection through the kiln wall at a height that would 
be fixed in relation to the position of fuel bed. If all the kilns 
on a plant were alike, draft gages so placed could be made use- 
ful in the regulation of draft both by the practical man and by 
the technical man. In many plants there is a tolerably complete 
. assortment of different kinds of kilns with different sizes and 
shapes of furnaces, and on such plants, any sort of draft gage 
connected in any sort of way would tend to add to the exist- 
ing confusion. 

I am inclined to agree with Prof. Harrop that the most 
useful information to obtain in connection with the draft of 
any kiln is the rate of circulation, in other words, the number 
of pounds of flue gases going from the kiln to the stack per 
minute. So far, there is no practical way of obtaining that 
figure in ordinary every day burning. If Prof. Harrop’s sug- 
gestion of obtaining flue-gas velocity by measuring the drop in 
pressure between two points in a flue,.can be applied in a prac- 
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tical way to kilns, even though a diaphragm with a large orifice 
should have to be brought into play, a good step will be made 
toward placing the burning of ceramic wares on a scientific basis. 


H, L. Longenecker: For several years operators of large 
steam power plants have been using draft gages in the manner 
that Mr. Harrop suggests. In fact there are several well known 
efficiency meters for steam boilers which operate on this prin- 
ciple. These efficiency meters generally make use of two differen- 
tial gages of the inclined tube type, for convenience in securing 
comparative readings, mounting the two gage tubes parallel. 
One gage is connected to give a differential reading between 
the furnace and stack (or in the breeching, just inside the dam- 
per), the other gage gives a reading between the furnace and 
atmosphere. Thus when abnormal conditions exist within the 
boiler setting, such as an extremely thick fire, — damper closed 
too tight, — leaky baffling, etc., the liquid in the gages moves 
beyond extremes indicated by fixed pointers, the gage most 
affected indicating to the experienced operator, the probable 
cause of the trouble. 

The combustion engineer, “Trouble Shooter,” carries a 
single inclined tube differential gage. With this he takes read- 
ings between the furnace, both sides of the damper, the differ- 
ent passes of the boiler and the atmosphere. Using these read- 
ings comparatively also equalizes any errors due to variation 
in the static pressure. By practice these engineers have estab- 
lished the proper draft losses thru all types of boilers, with all 
settings for efficient operation. After taking such a series of 
readings your experienced combustion engineer is ready to pro- 
ceed to the correction of any difficulties in an intelligent manner. 
Sometimes the damper is mis-set with reference to the outside 
controlling levers,— there are holes in the baffling, or the 
amount of opening left by the baffling at some point is too large 
or too small,—the tubes are sooted,—or too thick fires are 
being carried. But whatever it is that is interfering with efficient 
operation, the draft gage sometimes supplemented with a gas 
analysis apparatus will locate the fault and the remedy is gen- 
erally apparent. | 
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Why cannot the draft gage be similarly used for the more 
efficient operation of kilns? For fixed conditions of kind of 
ware and setting, for efficient operation, there must be a proper 
draft loss thru a kiln at each period of a burn. A series of 
draft readings over the floor of a kiln will indicate where the 
draft is weak or strong, and suggest the proper arrangement of 
the floor openings or flue system to secure an equal distribution 
of draft and heat over the kiln. A comparison of draft losses 
thru two kilns of equal size, of similar design and similarly 
set, one being of greater efficiency than the other, should suggest 
a method of bringing them to an equality. 

The different designs of kilns, kinds of ware and different 
methods of setting, together with the variation of draft at dif- 
ferent periods of a burn, make this use of the draft gage a prob- 
lem which may have a different answer on every yard, but it 
is not in any sense a greater problem for any one yard than 
that solved by combustion engineers when they established the 
proper draft losses thru the different types of boilers, boiler 
settings, and firing methods for all of the boilers used in the 
United States. Above all it is an apparent means to an ef- 
ficient end. 
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THE THEORY OF FLOTATION AND ITS RELATION TO 
THE DRESSING OF CLAYS 


T. M. Bains, Jr.: JI do not believe that there has ever been 
much done in flotation in regard to clay. A case came up several 
days ago where they had graphite in clays, and wanted to recover 
the graphite. It could be done very readily by the Wood flota- 
tion machine. With the clays, the only trouble I see would be 
that you would have to dilute your clay solution too much: you 
would have to add at least two or three times the amount of 
water to your pulverized clay for flotation. 

Replying to Mr. Hice, I would say that the separation of 
zinc blende from mica would be possible, from what I know 
of it. A conductor generally floats: mica is a very poor con- 
ductor. Zinc blende sometimes is a good conductor and at other 
times it is not it depends on the amount of iron in it and yet 
you can float blende under certain conditions. Mica does not 
float, I know, because it occurs in ores, and we do not get any 
mica in our concentrates for sulphide ores, while graphite will 
float readily. 

Replying to Mr. Orton’s question whether rutile and zircon 
and the rarer minerals which occasionally occur in the kaolins 
would come off readily, I would say that they would not: they 
are non-conductors and will not under ordinary treatment. We 
may be able to get certain electrolytes that will raise them. If 
you can get any chemical action with rutile, you can float it. 
There seems to be a way of charging those minerals that float 
chemically. If you can do that you can float them. Some zinc 
blende is absolutely a non-conductor, yet you can float it beau- 
tifully under certain conditions. That is worth looking into. 

Replying to Mr. Teetor’s questions, I would say that Mr. 
Callow and a great many that know most about flotation, find 
in ores that the mineral generally is positively charged and that 
the tailings are negatively charged: the concentrates are positively 
charged and the air bubbles negatively charged and the oil gen- 
erally negatively. Forcing air through canvas will give a fric- 
tional charge: that has been proven by Thompson and other elec- 
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trostatic men, it will assume a positive charge under certain con- 
ditions in the water: therefore the air bubble would attract the 
sulphide or graphite, and you would have a flotation but it would 
not be permanent. Where the oil comes in, is that the oil 1s 
negatively charged generally and first surrounds the valuable 
mineral, forms a thin film. If you increase your amount of oil 
above 1.5 percent, instead of flotation, the process reverses, and 
you will get oil and the valuable mineral, settling to the bottom, 
forming coagules: that means that the re-action of the positive 
sulphide or graphite to the negative air bubble is not strong 
enough to overcome the repulsion of the negative oil to the 
negative bubble, and over 1% percent of oil ruins flotation. 
After you get above Io percent, then the buoyancy of the oil 
will float the mineral, and you will have oil flotation by 
“buoyancy” which is not from froth flotation. 


I have seen by adding the slightest amount of acid to zinc 
ore, it will float again. Certain zinc ores will not. Sometimes. 
you just add a small percentage of alkali solution and it will 
seem to change the charge. The Bacon Institute has investigated 
that also very thoroughly. The Mullin Institute has investigated 
it also and they have proved that all the sulphides are positively 
charged when put in water. So there is a conflict of technical 
opinon which often occurs. 

I find that you can charge air bubbles either positively or 
negatively. Here is a case: J. J. Thompson, of England, has. 
taken up rain splashing against the metal roof which charges 
the air one way and the water the other way. Salt water splash- 
ing against the shore charges the air the opposite way. By add- 
ing the slightest salt to your water which you are agitating, you 
will change the polarity of the air bubble, so in that case the 
Mineral Separation machine which beats the air in with the 
propellers, may give a different charge from air coming through 
canvas. In one case you have a metallic beater, beating air in, 
and in the other case you have a non-conducting substance like 
brick or canvas through which the air comes, and nobody knows. 
for sure what the polarity of the bubble is. This is all theory, 
and it is the only plausible theory. They have been accounting 
for these things by surface tension, and the only thing that ac- 
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counts for most of the phenomena is electrical. A lot more 
research work must be done before we know what happens. | 

I might say here that the addition of turpentine to a solu- 
tion, and rosanalene and a few other chemicals will reverse the 
polarity of that bubble:.as far as we can find out, change the 
polarity; so it is easy enough to change your charges on the 
sulphides, on the bubbles or on the graphite by either acids, 
alkaline solutions or by the different re-agents you add like tur- 
pentine. Amyl acetate is a good flotation agent. A good many 
flotation processes do not use oil at all, or acid, but generally 
use some frothing agent to create a great number of small bub- 
bles. It is absolutely necessary to have an immense number of 
small bubbles, and you get that by adding amyl acetate or eu- 
calyptus oil, or other material which reduces the surface tension 
and alows a great number of bubbles to form. 

S. G. Burt: We sometimes have in our glaze mills this very 
frothing and I have attributed it to the possible presence of tur- 
pentine, and the problem arises how to get rid of it, because it 
is a great nuisance, and the only method by which I have ever 
been able to get rid of it was by the water spray that Mr. Bains 
speaks of. If it is an electrical proposition, why shouldn’t there 
’ be some other way of getting rid of it? Mr. Bains suggests that 
by the addition of some reagent like iron sulphate, we might 
reverse that, as he finds that by the minute addition of some of 
these sulphates, frothing will cease in the flotation. The cure, 
however, might be worse than the disease. ) 


Edw. Orton, Jr.: You can separate pyrites from clays with- 
out any trouble at all, but you have to crush your clays and add 
two or three tons of water to get the flotation. 

H. Spurrier: It seems that in the flotation processes, even 
the kind of oil is a matter of considerable moment. Now a lot 
of experimental work has been done with agents other than oil, 
for instance, acetic acid has been used very successfully: and to 
that end it might be of enormous importance to this country to 
know that the crude pyroligenous acid carries a little wood-tar 
oil in it in addition to acetic acid and carries advantages in the 
application of this method that have not been secured in any 
othertway. There have been in the last year in The Metallurgical 
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Industry, a couple of articles of considerable interest that it might 
be of profit to the clay men to read, although at first sight it 
would look as if clay is not very amenable to such a process, 
owing to the conditions of working. Still, a little resourceful 
work might be done that would pay very handsomely. 

k. H. Pass: A few weeks ago some clay samples were sent 
in to be tested. I blunged them thoroughly, and while being 
blunged, a very persistent and dense froth formed, and in this 
were suspended the mineral and air bubbles, whereas the clay 
remained below. On testing the specimen, I found it contained 
a very large amount of alkaloid. 
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A METHOD OF TESTING THE CORROSIVE ACTION OF 
SLAGS ON FIRE BRICK 


F’. K. Pence: My observations along this line have been 
chiefly with reference to the corrosive action of frits upon the 
lining of a frit kiln. The vitrified lining has been found to have 
decidedly longer life than the porous refractory lining, although 
the chemical relation between frit and lining were similar in 
each case. 
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NOTES ON BARIUM GLASSES 


R. L. Frink: The subject of barium glasses is particularly 
interesting to me as I have carried on some quite extended ex- 
periments in the use of barium carbonate as a constituent of the 
batch for the making of window glass while with the American 
Window Glass Company, such experiments being conducted in a 
practical way, the glasses being made in a full size operating tank 
holding about 400 tons. This experience leads me to believe that 
_ glasses made in small crucibles, or in quantities of a few pounds, 
do not have the same characteristics as do glasses when made in 
large pots or in tank furnaces operating under practical con- 
ditions. 


The mass action which occurs during the melting period 
seems to give to the finished glass quite different physical proper- 
ties when such melts are made in large quantities of several 
hundred pounds, or tons, than when they are made in small 
quantities and have a smaller or larger melting area of batch 
exposed to the temperature of the furnace, and this seems to be 
particularly true of barium glasses, for when melts were made 
rapidly and at high temperature, the bending moment, crushing 
and tensile strengths were quite different from those obtained 
where the melts were made over longer periods of time, and at 
lower temperatures. There was also considerable difference 
found in these properties when the glass was melted by direct 
fire impinging upon the batch than when the same was melted 
in pots, and completely protected from fire. 


I have long advocated the use of barium to replace lead in 
the making of cut glass, or where it was desired to have a glass 
of high dispersion and luster, but results in this direction have 
not proven satisfactory, due to the fact that it makes the glass 
too hard to make the cutting and working of the glass economical. 

It would be interesting to know if more than one test. for 
solubility, the results of which are found in Table VI, were made 
upon any given sample, and how close an agreement was obtained 
as to solubility, for personally I have never been able to obtain 
any concordant result by employing the method described for 
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obtaining solubility factors. Also what was the character of the 
surface of the glass when examined microscopically. 

A thorough investigation of the viscosity-temperature ratios 
might lead to some very valuable and interesting informa- 
tion which would be of practical importance to the glass 
manufacturer, if such experiments were made in a man- 
ner as would permit of the conclusions drawn therefrom be- 
ing relatively or directly applied to practical conditions, for 
it is these ratios which many times have made a success or 
failure of mechanical devices, molds and methods of operat- 
ing the same. However, again I question whether results 
obtained in the determination of these factors from specimens 
produced by small melts would give sufficiently accurate data 
whereby the manufacturer could rely upon or apply it to 
the conditions under which he melts his glass. Nevertheless 
even when made in small quantities as mentioned in Mr. Williams’ 
paper, a comparison could be made which would without question 
be of value, and I would sgugest that his determinations in this 
respect be made by heating the glasses up to a temperature suf- 
ficiently high as to make the glass quite fluid, and then determine 
by some method the viscosity ratio at different temperatures when 
the glass was cooling. In this manner he would more clearly 
approach the conditions which exist in the practical manipulation 
of the glass, and the data will be more applicable to practical 
conditions. 

If Mr. Williams did not stir his sample melts, or re-melt 
them, it would seem almost inevitable that he would obtain a 
glass which is not homogeneous, for the tendency of barium, when 
existing in excess of three percent, to produce cords, lamina, and 
a heterogeneous glass is very pronounced, particularly so where 
it is used alone and not in combination with lime free from 
magnesia, at least such has been my experience. 

Mr. Williams’ paper shows an enormous amount of work and. 
application to the subject, and it is regrettable that he has not 
had more practical experience in the glass manufacture so that 
he could more accurately apply his methods to those conditions 
which would more nearly approach those found in commercial 
manufacture and processes. However, let us hope that his en- 
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deavor will receive the appreciation of those who are able to 
apply his results, and that his paper will induce others to carry 
on further experiments on a larger scale. 

A. Silverman: The American Window Glass Company tried 
experiments in which they substituted barium carbonate for lime 
and found that under certain conditions the load of the glass 
could be doubled. | 

The factory experience has been that where barium is in- 
troduced beyond a few percent, the glass becomes cordy. Whether 
‘this is true of all barium glasses, such as sodium-barium silicates, 
is an important question. The price of barium offers another 
difficulty. There is such a demand for barium compounds that 
it is almost impossible to buy them at a reasonable price for glass 
manufacture. We can not use the sulphate very well and can 
not buy carbonate at a low price. 
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THE EFFECT OF VARIATION IN THE COMPOSITION OF 
GROUND COATS FOR SHEET-IRON ENAMELS 


E. P. Poste: I want to call attention to the fact that Mr. 
Landrum’s impact tests were made on these same little wash 
basins I mentioned: they were turned upside down and the 
hammer falling made a very definite deflection of the steel, and 
the chipping he got was produced by this deflection of the steel. 
I tried to devise a scheme for working enamel in the steel and 
I found that with a given enamel I could drop a weight, in many 
cases seven pounds, from as high as 60 inches, and I could get 
a blow which would not injure the enamel at all, striking directly 
on the enamel surface. I could take that same weight and drop 
it a foot, the blow being slightly out of perpendicular to the 
surface it was striking, and it would gouge right through to 
the steel. 

In any case my impression was that if you did not get a 
deflection of the steel, you were judging the crushing strength 
of the enamel rather than its adherence under an impact which 
deflected the blow from the ware. 


Mr. Danielson: When I started this work, the enameled 
plates were laid on the cast iron base of the machine. With this 
arrangement the sheet steel was bent and although the enamel did 
not chip on the upper side it did chip more or less on the under 
side, no matter how far the weight was dropped. Therefore a 
piece of hard tool steel was placed on the cast iron base and the 
enameled plates were laid on top of the tool steel. As the drop 
of the hammers was increased, the enamel really did chip and I do 
not believe it was due to the actual crushing of the enamel itself. 
The enamels which showed the greatest adhesion did not crush 
and did not chip with a slight blow. However the less adhesive 
enamels, those containing manganese for instance, broke away 
from the steel in large patches showing exceedingly poor ad- 
hesion although there were no signs of crushing in these cases 
either. Because of these observations I believed I obtained com- 
parative results of the adhesive power and not the crushing 
strength of the enamels. 
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R. D. Landrum: The German people have known for the 
last five years just what cobalt does: only a quarter of one per- 
cent put in enamel will make it stick, and they have been worry- 
ing themselves for five years to find out why this takes place. 
We have proved definitely that that percent of cobalt does make 
the enamel stick to the iron, whether it is an alloy or reaches 
into the pores of the iron, or what not. 
| W. A. Denmead: In my own experience it has not been 
possible to compare results by tests on a flat sheet: indeed, I 
cannot compare it so well with enamels as with porcelain cubes. 
We at one time made a large number of porcelain cubes and 
attempted to find how many blows it would take to break the 
cubes of different material and found it was absolutely impossible 
to get any uniformity of results, because we would often get 
one piece of a volume mixture that we simply could not break 
down with the machine, and 50 others, burnt right in the same 
sagger would break with the first blow. It would seem that 
we should have a test piece shaped like Mr. Landrum’s wash 
basin in which the fag, etc., would not have such a great effect. 

Mr. Danielson said his experience corroborated Mr. Lan- 
drum’s statement about cobalt toughening the enamel. He thought 
Mr. Denmead’s tests on porcelain were crushing tests rather than 
tests of bonding power, and hence would not require any special 
shaped piece. Mr. Denmead claimed that in his tests, the de- 
flection of the piece was also a factor. 


H.F. Staley: In regard to the effect of cobalt, nickel, and 
manganese, this paper verifies, by a series of carefully planned 
and executed experiments, general factory practice which has 
been evolved from a vast number of unsystematic trials. Mr. 
Danielson’s results indicate that, barring the question of in- 
creased cost, enamels could be improved by the use of more 
cobalt than the usual one-half of one percent. 

The increased toughness due to the introduction of part of 
the flint into the enamel batch instead of into the frit is a point 
worthy of consideration by sheet steel enamelers. In many cast 
iron enameling plants, and in a very few sheet-steel plants, this 
practice is followed with good results. It is hard to understand 
the mental processes or technical principles underlying the ob- 
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jection of some sheet steel enamelers to considering the introduc- 
tion of raw flint into the enamel batch of.a ground coat when 
they are adding such substances as clay and “setting up” agents. 

It should be noted that there are no cobalt or nickel oxides 
in the last four series of enamels, which deal with increase of 
silica, increase of calcium fluoride, decrease of boric oxide, and 
increase of antimony oxide. Since it is generally accepted among 
_ Sheet steel enamelers, as stated by Mr. Danielson, that “a ground 
enamel free from cobalt and nickel oxides is unobtainable” at 
least part of the poor results obtained in these series may be due 
to the absence of these important oxides. These remarks would 
apply especially to those defects which were common to all the 
members of a given series. Of course in series J., where an 
attempt was made to get a white first-coat, cobalt and nickel 
oxides were not permissible. 

The poor results obtained on increasing calcium fluoride in 
series G. confirms, in part, the opinion held by the writer for 
many years—that fluorspar is not a proper ingredient for ground 
coat enamels of any sort. I hold this opinion although I am fully 
aware that it is used in small quantities as an ingredient of ground 
coat enamels in several successful sheet steel enameling plants. 
It would be interesting to find the effect of eliminating the fluor- 
spar from some of these ground coats, at the same time main- 
taining the fusibility by adding a sufficient quantity of some . 
more reliable fluxing agent. 

R. D. Landrum: I think Mr. Staley is right, absolutely, 
in regard to cast iron, but in regard to sheet steel, it would be 
better to take your enamel past the point where it is too fluid 
than to leave it under. I found in my practice, and it is also the 
general consensus of opinion among the enamellers, and I find 
that in various plants over the country they do have a very 
definite point for withdrawing their ground coat. They have 
found by rule of thumb method and practice, a very definite 
point: they get this by drawing out a hair and seeing that none 
of the silica particles can be found in it, and noticing the surface 
of the enamels and noticing just the moment the bubbles stop 
coming up: and it is surprising the definite point that is reached 
in the various plants. 
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THE CONSTITUTION AND MICROSTRUCTURE OF 
PORCELAIN. 


A. A. Kleim: Referring to Mr. Watts’ question on the 
purity of the Maine feldSpar, most of it was orthoclase with 
only a small amount of microcline and plagioclase. Somewhat 
Over 5 percent quartz was present. We employed a fairly ac- 
curate method of determining the quartz content. It consisted 
in powdering up the grains, immersing them in a liquid whose 
index of refraction lay between that of quartz and that of 
orthoclase. A camera was attached to the microscope and a 
plane glass plate, to which tracing paper was fastened, was used 
instead of the regular ground glass plate. The image of the 
field was obtained on the paper and the grains traced. Owing 
to the fact that the refractive indices of the quartz are higher 
than that of the immersing liquid, whereas those of the feldspar 
are lower, the two minerals could be distinguished by this 
method. The grains on the tracing paper were cut cut with 
a fine cutting edge and weighed. The errors involved in the 
determination, cutting and weighing, seemed to more or less 
counterbalance each other and an accuracy within a few per 
cent was generally obtained. | 

Regarding Prof. Orton’s question concerning the obtaining 
of the lantern slides, these were prepared directly from the 
negatives. The negatives were obtained in the usual manner 
using the microscope and the photomicrogaphic camera with 
transmitted light. 

Referring to Prof. Parmelee’s question of the minimum 
temperature at which sillimanite is formed, we find a trace in 
ordinary hotel china which is burned at cone ro or in the vicinity 
of 1250°. As to the possibility of determining the fit of a glaze 
on a body by petrographic means as Prof. Parmelee suggests, 
we have not investigated this at all except to note that there 
is a certain amount of optical strain in the glaze. We are of 
the opinion that the polarizing microscope could be employed 
advantageously in this problem. 
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A STUDY OF BRISTOL GLAZES COMPOUNDED ON THE 
NORM BASIS 


J. B. Shaw: This paper is interesting as an illustration of 
the compounding of glazes by the usé of norms, otherwise there 
seems to have been little of value obtained by the study. Grant- 
ing that the expression of the ingredients of the glaze in the 
form of norms facilitates their investigation in a three component 
system, there is no reason why the same result can not be ob- 
tained by sub-dividing the glaze ingredients into three parts in 
any other proportion than norms, and since according to the 
work of Rankin and Wright, (American Journal Science, Vol. 
XXXIX January, 1915) and others there are eutectic mixtures 
of the ingredients in the glaze whose melting points are lower 
than those of the norms and which would therefore be formed 
in glaze before the norms, there seems to be no good reason 
for the use of the norms in preference to some other composition. 

This work is along the same line as that of Purdy, Vol. XIV, 
p. 95, and would be subject to the same criticism as offered by 
Bleininger in the discussion of that paper, wiz.: that we are not 
far enough advanced as yet to justify the assumption that any 
of these minerals exist in the glaze at any time. ; 
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COMPARATIVE MEANS OF MAKING POROSITY AND 
ABSORPTION MEASUREMENTS 


H. N. Cox; I determined porosity by soaking 48 hours in 
a boiling tube: that was our test for getting absorption. All the 
porosity determinations I have ever reported were made on the 
basis of specific gravity, getting partial absorption and getting 
suspended weights and weights in the air, the difference being the 
exterior volume. Figuring the porosity on that basis, the differ- 
ence between the volume as figured from the dry weight and 
the true specific gravity and suspended and dry weight would be 
the volume of the pores both open and closed. I did not attempt 
to determine porosity by the absorption of water, but used that 
method for getting the open pores. 


E. E. F. Creighton: In our electrical work we have to fall 
back on porosity tests, and I think the porosities we have to meas- 
ure are so much smaller that they can come in a different category 
than suggested by Mr. Walker. We found with our test that it 
was possible with the vacuum test to get 100 percent difference 
in the amount of the water absorbed. The weight of water ab- 
sorbed was on the order of a hundredth of one percent up to 
one-tenth of one percent. We have had insulators brought in 
from the line that have been out for a couple of years and have 
absorbed moisture from the cement: those insulators would have 
a reading from 100 megohms to 1000 megohmins, indicating that 
they had absorbed some conducting material in place of water. 
One of those insulators was dried out and its insulation resistance 
went to infinity. It was then soaked in water for four weeks, — 
that is up to the present time, — and its resistance still remains 
infinity, showing that the absorption of moisture was extremely 
slow. : 

We had to go into those details because it is not permissible 
to have one hundredth of one percent porosity in electrical 
porcelain. It must be much more perfect than that. I think a 
description of the difficulties I had in making the test might be 
of interest. We took a piece as large as 250 grams, and as we 
did not care to break it, because that would introduce some small 
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cracks, possibly, we cut it out with a carborundum wheel, and 
all surfaces were carefully smoothed off.. Then, in order to 
get the water to enter, it is necessary to do more than simply 
immerse it in water and evacuate it. We had first to evacuate it 
down to a few micrones and hold this for several hours. Then 
without breaking the vacuum, introduce some thoroly boiled 
water in on top of the porcelain. It has to stand at least eight 
hours before the water can get into the pores. It is only after 
such a test that you can get any degree of thoroughness at all. 
The greatest difficulty comes after that: making the first weigh- 
ing. It is easy enough to have the surface perfectly dry, but 
weighing after immersion, the question arises how much moisture 
is left on the surface. Since we are measuring down to a very 
small weight, the weight of surface moisture becomes very ap- 
preciable, and in order to eliminate that effect, we took readings 
over a certain length of time, in dry air. One can note the 
weight decreasing from minute to minute. It will follow along 
a logarithmic curve and when the curve becomes flat, one is as 
near as possible to the true weight of the porcelain plus the water 
inside, without the error due to surface moisture. 

W. A. Denmead: I wish to back up Mr. Creighton’s state- 
ment wholly. I will describe the method of the test in our own 
office: An insulator was broken, a piece approximately a cubic 
inch in volume was ground from the piece, all glaze removed and 
great care taken to remove any grease or anything of the kind. 
Upon 48 hours absorption in cold water, I have found many 
pieces, that on an analytical balance, sensitive to one-tenth of a 
milligram, showed no absorption. 

I should like to explain regarding the porcelain absorbing 
jess than 1/100 of I percent. We do have large quantities of 
porcelain absorbing less than 1/100 of I percent tested by the 
48 hour immersion in cold water but not by Mr. Creighton’s 
method. It is very often the case that porcelain showing the 
low absorption of the 48 hour test will show absorption in excess 
of 1/10 percent by Mr. Creighton’s method, and there is a good 
deal of evidence to show that-an absorption of this amount is 
very detrimental to certain types of insulators. I have added 
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this note as I do not find any evidence that 1/100 percent ab- 
sorption by Mr. Creighton’s method is fatal to an insulator. 

I do not know whether any records have been made by the 
Society in the past, but on the Pacific Coast I found that it was 
quite posstble to get an absorption determination much higher 
than that obtained either by boiling or immersion in cold water, 
by an alternation of each. It must be transferred from the hot 
water to the cold water immediately and back. 

A. V. Bleiminger: It is interesting to note in connection 
with this paper that Committee C-3 of the American Society for 
Testing Materials has recommended boiling for four hours in 
the absorption test of half bricks as stated in their directions for 
testing building bricks. The boiling method has the advantage 
of simplicity over the absorption in vacuum. 

F,. K. Pence: Before adopting a method of determining the 
absorptions given in the tables of my paper on “Classification of 
Floor Tiles as Related to Degree of Vitrification,’ Vol. XVII, I 
made comparative determination between the 3 hour boiling 
method and the method of 1 hour boiling followed by 24 hours 
soaking. I found the latter gave higher absorption and appeared 
_ to be preferable over the former method. 

After reading the above paper I have been interested in 
making further comparisons as given in tables herewith. 

The tiles used were 6 in. by 6 in. by % in. 

The types selected were red semi-vitreous and buff semi- 
vitreous floor tiles, also white wall tiles bisque. Six tiles of each 
were used. 

Absorptions were obtained on the basis of dry weight. 

As will be noted, check determinations were not made on 
the boiling methods as this is given in the above paper. Also 
check determinations are omitted on 2 hours boiling and 24 hours 
soaking, check determinations being made on the two extremes 
of the composite method. 

Tiles were immersed on edge in distilled water in wall deter- 
minations. 

Results were obtained as shown in Tables I, II and III: 
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TABLE I— RED SEMI-VITREOUS 
































| | AVER- 
TRIAL NO. 1 2 3 4 5 | 6 AGE 
bea 
S ‘Hours: >Dodme-r... sean 5.21 4.61 4.59 | 4.27 | 4.71 | 4:61 | 4.67 
5 Hours’ (Boiling... oteseces 5Al | 40714798 | 4240) 2007S) Aero, 
1 Hour’s Boiling vee A.| 5.38 | 4.81 | 4.99 | 4.51 | 4.81 | 4.75 | 4.88 
24 Hours’ Soaking § Det. B.| 5.385 | 4.74 | 4.92 | 4.38 | 5.02 | 4.64 | 4.84 
Daf erence wae kee ae .03 07 07 1S mel lel 04 
Average. 24a Moor cere 5.80 14.78 1 4.96 | 4°45°|°4°902 |.4. 707) 4.86 
2 Hours’ Boiling 
ee eae at 549 | 4.79 | 5.08 | 4.48 | 5.04 | 4.67 | 4.92 
2 Hours’ Boiling ee A.| 5.44 | 4.79 | 5.09 | 4.33 | 4.97 | 4.60 | 4.87 
48 Hours’ Soaking § Det. B.| 5.56 | 4.94 | 5.15 | 4.54.| 5.15 | 4.79 | 5.02 
Duicrence’ sole ee 12 15 06 Beal 18 eS Do eee 89 
Average! Ji4. 700. eee 5.00 | 4.87 | 5,127| 4:44-).5.06. | 4:701.4.95 
TABLE II— BUFF SEMI-VITREOUS 
| POM —i Tan vo aoe s ft cee | | 
| | | AVER- 
TRIAL NO. 1 | 2 : 3 | 4 5 | 6 AGE 
a at eee ee eee lye ee a pe ee ee i al ee ee ee 
3 Hours) Boilmig 47ieess- 5.50 | 6.36 | 6.11 | 6.385 | 7.46 | 4.75 | 6.09 
Fy Hours’ i Borlingsss ics 5.69. | 6.85 | 6.49 | 6.73 | 7.77 | 4.82:| 6.39 
1 Hour’s Boiling eee A,| 5.6471 6.74 1-641 16,72" 7600 | 4007. | 16.0 
24 Hours’ Soaking § Det. B.} 5.51 | 6.69.| 6.49 | 6.75 | 7.84 | 4.70 | 6.33 
Differencemcs alee 3 05 08 200 af week. 07 .00 
AMELICS ot Sar ts sates 5S 1:65%2.) 0.4001 0.14 lel (64 41 4e | O.o8 
2 Hours’ Boiling 
elie. Serer 5.78 | 6.98 | 6.64 | 6.85 | 7.77] 4.77 | 6.47 
2 Hours’ Boiling ae A.| 5.66 | 7.01 | 6.64 | 6.85 | 7.77 | 4.61 | 6.42 
48 Hours’ Soaking § Det. B.| 5.85 | 6.95 | 6.60 | 6.82 | 7.84 | 4.73 | 6.47 
Differences, ere ae AOS) SOG GOATS soa Oi cle co ce meee 
6.62: | 6:84.1.7.81 14.67 1°6.45 


Average inde icn tee. care 5.76 | 6.98 
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TABLE IIlI—WHITE WALL TILE BISQUE 

| | : ; 
= | | | AVER- 
TRIAL NO. 1 | 2 3 4 5 6 | AGE 

| | 
a PL OURS  BOMING atc ws. Sele 13.64 |13.90 [18.69 [13.63 [13.99 |18.73 |13.76 
Oo OUTS. SDONING . 05 .<< e's 13.86 |13.96 |18.96 [18.94 [14.33 [14.10 |14.08 
1 Hour’s Boiling Voce A,J13.88 {14.21 [14.06 {18.88 |14.31 |14.02 [14.06 
24 Hours’ Soaking § Det. B.}14.03 [14.25 [14.17 ]138.97 |14.41 |14.08 {14.15 
Diller ence. eh fons. ok: wes 15 04.) 11 09 10 06 . 09 
VEC SOOM Ie Oe Bak ose 13.96 [14.23 |14.12 |13.93 |14.36 [14.05 |14.11 


2 Hours’ Boiling 
Vomeene See 13.99 114.29 114.16 113.94 114.38 [14.10 [14.14 
2 Hours’ Boiling ) Det. A.|13.98 114.29 |14.16 |13.96 [14.35 |14.08 |14.14 
48 -Hours’ Soaking § Det. B.}14.03 [14.33 [14.22 |13.97 |14.40 |14.10 {14.18 
Acree ta, iE GsAloenos fo coerE Otte 105°) 0a. 
ee aaa Co 14.01 114.31 14.19 18-97 14.38 |14109 114.16 














It will be noted that practically the same degree of differ- 
ence is obtained between 3 hours boiling and 5 hours boiling as 
was obtained by Mr. Walker in his porosity determinations. 
Also that the 1 hour boiling and 24 hours soaking is equivalent 
to 5 hours boiling, and that the check determinations compare 
favorably with Mr. Walker’s check results on the 5 hours boiling. 

A slight increase in absorption is shown with 2 hours boil- 
ing and 24 hours soaking, and no material further increase is 
shown with 2 hours boiling and 48 hours soaking. 

On the basis of checking results, the 5 hours boiling, 1 hour 
boiling and 24 hours soaking, and 2 hours boiling and 48 hours 
soaking, appear to fare equally well. 

The method of 1 hour boiling and 24 hours soaking is con- 
venient in operation and regular in result, although because of 
the somewhat higher figure obtained the method of 2 hours 
boiling and 24 or 48 hours soaking might be preferred. 
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CLAY AND SHALE RESOURCES IN THE VICINITY OF 
CLEVELAND, OHIO 


Mr. Richardson inquired whether there was in the Cuyahoga 
Valley, or higher up in the hills, another formation above the 
Cuyahoga shale which overlays the Berea grit, and which was 
referred to as Orangeville. 

Mr. Van Horn repled that another shale formation outcrops 
in the valley above the falls at Brecksville. Replying further he 
said that the brick plants on the lake shore have still 500 to 800 
feet in Chagrin shale below their present operations. The total 
of the Ohio shales, formerly called Huron, Chagrin, and Cleve- 
land, aggregate a thickness of 1,000 to 1,200 feet and the Huron 
shale comes to the surface in the Huron River. 

Prof. Orton expressed skepticism about the red color of 
Bedford shale being due to an excess of iron, as he had been 
unable to get enough extra iron from them to account for their 
color. 

Mr. Van Horn thought that analysis of the red and blue 
variety of Bedford shale differ probably only in the percentage 
or proportion of ferrous to ferric iron. 
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THE UTILIZATION OF OHIO CLAY-BONDED SANDSTONES 
FOR SILICA BRICK MANUFACTURE 


W. Stout: The Clarion sandstone is somewhat friable for 
brick as the clay content is low, but the Gephart sandstone makes 
a brick very readily. The sandstones were crushed through a 
jaw crusher set at 3 inch size. This gave a material one-third 
coarse and one-third intermediate, and about a third that would 
pass a 20 mesh sieve. This was wet with water, allowed to 
stand over night, and hand-molded in the ordinary way. Here 
is a piece of the rock taken from the hearth of Jefferson furnace 
after one year’s service. The dark layer on the edge is slag and 
is not over a sixteenth of an inch at the most. The next layer 
is about 3@ of an inch in thickness, and is the part that Dr. Mc- 
Caughey showed was practically all tridymite. It had been 
changed by the heat to tridymite and in so doing has expanded: 
so you see the porous spaces are comparatively small compared - 
to those in the original rock. Beyond this the rock shows prac- 
tically no effect of alteration. 

Regarding the blue color where the slag has not penetrated, 
I think that is probably due to the physical state of the material. 
There is no difference in the iron content. Under the microscope 
it shows simply as tridymite with low polarization colors. You 
can not tell whether the color is due to the change of the material 
passing from quartz to tridymite or whether there is also a small 
amount of iron present. Under the microscope, however, you 
see no iron. The rock appears to be quite pure. 

A. V. Bleininger: I think it is necessary to point out that 
a comparison of chemical analyses, burning tests carried only to 
cone 12 when the temperature of the average silica brick burn 
corresponds to cone 18 and softening point determinations do 
not suffice to establish the usefulness of materials for the manu- 
facture of silica refractories. The matter is not as simple as 
that. The volume change upon carrying the bricks to cone 18, 
subsequent changes upon refiring, the resistance to sudden heat- 
ing and cooling, the completeness of the cristobalite transforma- 
tion and the load carrying ability at about 1400°C., are facts that 
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must be known before an intelligent opinion can be given. Thus 
a material may result in an apparently sound brick, but under 
the conditions of use it might go to pieces completely. Special 
caution is necessary in the case of clay-bonded silica brick which 
in American practice have not proven very successful. Some 
of the analyses quoted in this paper are of doubtful value, such 
as that of the Crummerdorf quartz shale showing an alkali 
content of 5.30 percent. 
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SOFTENING POINTS OF POTASH FELDSPAR— STEATITE 
MIXTURES 


F. C. Stover: I found that by substituting in a mixture 
that called for one percent of whiting as a flux, about half whit- 
ing and half steatite I could get a good deal closer and tighter 
porcelain, and especially the lower I went in flint. I would even 
get down to zero flint allowing the rest of the mixture to be 
about the same; and while I haven’t anything that would be in 
direct comparison with the gentleman’s crucible, the trial pieces 
I did make would stand going up to white heat and dipping into 
ice water and would not fly at all. 


A.V. Bleiminger: In answer to Mr. Purdy’s question what 
chemical porcelain The Bureau of Industry had in mind when 
they said that the Bureau of Standards had developed a chemical 
porcelain that beats the European, I might say that we have made 
a considerable amount of chemical porcelain which has stood 
very severe tests: in fact there were systematic tests conducted 
along this line in comparison with European porcelain which 
show that there is no difference at all. If difference were shown, 
I think it would be in favor of the material produced in the 
laboratory. 
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SLAG PAVING BRICK 


Mr. Staley notes that cryolite is mentioned as a cheap flux 
and states that it now costs seven and one-half cents per pound, 
and is never less than six cents per pound hence can not be - 
considered cheap. 


Mr. Montgomery replies that he is first looking for technical 
results rather than the cheapness of the materials. 

Mr. Staley points out that fluorspar, even when only one- 
half percent is used will greatly lower the viscosity of a slag. 

Mr. Orton reports that he has looked into the slag brick 
question and that a large amount of pavement work has been 
done. The imported slag brick used in Washington streets came 
from Middlesbrough, England. They are poured while very 
fluid, and later are annealed in large sand pits. They are aston- 
ishingly tough, being far better than any paving brick which 
he has ever tested. He could not see that the process was an 
involved one, and thought our metallurgists should apply them- 
selves to the utilization of natural slags, rather than to producing 
a slag of synthetically low melting point. 

Mr. Montgomery explained that iron slags are not suitable 
for making slag brick, and that copper slags only have been 
successfully used. The iron furnace slags are capable of being 
made into Portland cement, and should be thus used rather than 
for making slag brick. | 

' J. S. Unger: I just want to verify Prof. Orton’s statement 
that at Middlesbrough, England, they are making slag brick 
and have been making them for a number of years. They are 
made from blast furnace slag which differs from the American 
slag to quite a considerable degree chemically. They take the 
liquid slag, pour it into a mold which is made in two halves: 
as soon as it is solidified sufficiently to remove without breaking, 
they open the mold and throw these red-hot bricks into kilns. 
After the kiln is full, it is closed and the bricks are allowed to 
anneal from their own residual heat. Experiments have been 
made in the United States, attempting to do the same thing they 
have done in England, but the blast furnace slag we usually 
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produce here is of an entirely different character, being more 
glass-like, while the English slag resembles a stone: and in 
attempting to do the same thing, we have found that the slags 
made here are inclined to be very brittle. I know there are a 
number of investigators experimenting with American blast- 
furnace slag, hoping to add inert material which will change 
the glass-like character of the American slag. The silica in the 
English slag is about 26 percent, the alumina, about 22 percent: 
the average slag in the United States will run about 34 percent 
silica and 14 percent alumina. 

Mr. Montgomery inquired how the inert material was to be 
added, and to this Mr. Unger replied that the proposed process 
was secret, but that the promoters expect either to add an inert 
material to the slag as it runs from the furnace, or to add a 
material which acts mechanically. In no case do they propose 
to re-fuse the slag as the cost of the brick thus produced would 
be too expensive. ; 

In reply to Prof. Orton’s inquiry as to the present utiliza- 
tion of slag, Mr. Unger said that assuming that this year we 
make 33,000,000 tons of pig iron, we will make about half as 
many tons of slag. A large amount of slag is used in the manu- 
facture of Portland cement, in making railroad ballast, and in 
making material as a substitute for fine gravel in roofing work. 
A little is used in the granulated form in making what we call 
slag lime brick. However, the supply is many times in excess 
of the demand. 
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A MEANS FOR THE DETERMINATION OF THE FINENESS 
OF RAW MATERIALS 


W. E. Segsworth: Some months ago Mr. Worth, of the 
Pennsylvania Feldspar Company, asked me to do some work 
in connection with his grinding mills, and naturally the first ques- 
tion I asked him was how fine the material was to be ground. 
He answered me, as I suppose a great many grinders would: 
“Grind to leave so much residue on a 140 mesh sieve.” I said, 
“What about the fineness of the material below that?” He said, 
“Tf you get that residue the finer material will take care of itself.” 
I was not quite satisfied with that and tried to get some further 
information on the subject, and in trying to get it I found that 
there was no standard whatever; and, writing to his customers, 
I found that some tested it one way and some another. It oc- 
curred to me that there ought to be some way for testing mate- 
rials so that we could get results we could compare, so that if 
we write to our customers, the customers. can tell us what they 
want and we can tell them what we are ready to give them; and 
if we cannot give them what they want, we can try to make 
it for them. About the first thing I discovered was that the 
elutriation process was used for grading the fine material which 
was too fine to be graded by sieves. 


I did not know much about it, — though I found that a good 
many were using the method; but Mr. Walker seems to have 
discarded it altogether. He makes a curve and determines two 
or three points on it, and from that he infers the rest of the 
curve. I suppose that, if one could find an equation for the 
curve and you found two or three points on it, then you could 
find the rest of the curve from these points; but in order that 
the curve should have the same equation, you would have to 
have the material ground by the same process. I quite admit 
that if all the material was ground by precisely the same process, 
by getting two or three points on the curve, you could derive 
the rest of the curve from them; but it seems to me that if we 
are going to adopt any method at all we ought to adopt one 
more scientific than that. It may be that we will want to produce 
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the material by some other process. What we want to find out 
is what we want to make, not defining what we want to make 
by the way we make it: we want to define what we are going to 
make, first of all. I would like to ask Mr. Walker a question 
as to how he grades material below the finest sieve he uses? I 
notice from his diagram, that he merely has a dotted line beyond 
the sieves and I would like to know if he has any other method 
of finding out what the fineness of this fine material is? 

Mr. Walker replied that the points plotted on the curve 
were sufficient to give him a good idea of what the remainder 
of the curve would be. 

Mr. Orton asked what objection has been found with the 
elutriation method of classifying very fine material. 

Mr. Walker replied that it presented difficulties due to the 
water used, to deposition on the sides of the cans, and to a 
tendency to get retarded flow between cans which causes a varia- 
tion in the percentage of material found in different cans. 

Mr. Watts stated that he had used a one can elutriator with 
success for classifying fine materials, but that the tendency for 
scum to form on the sides was noted, and doubtless retarded the 
action of the water slightly. 

Mr. Segsworth suggested using glass elutriator jars. 


C. H. Kerr: Fineness has been quite generally recognized 
as one of the most important variables in ceramic manufacture, 
but in spite of all discussion and agitation of the question it 
seems quite certain that the tremendous importance is not yet 
fully recognized. All reactions are tremendously influenced by 
the fineness of the reacting materials, and there is no question 
- that the periodic variations in factory results are due, to a much 
greater extent than has been heretofore realized, to variation in 
fineness of one or more raw materials. 

This paper adds very considerably to the preliminary work 
which must be necessarily gone through before satisfactory stand- 
ards in testing and in factory practice can be attained. The 
280-mesh sieve adds considerably to the information that we have 
previously gotten from sieves as fine as the 200, but it still falls 
far short of giving us much definite information of the actual 
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size since the important size comparisons are in the still finer 
grains. 

Some modification of the elutriation apparatus must be 
brought to our assistance to accomplish a proper subdivision. It 
is desirable that the specific gravity of the separating medium 
be comparatively near to that of the suspended particles, but at 
the same time viscosity should be low. Probably a study of this 
specific gravity-viscosity problem in connection with elutriation 
would lead to considerable improvement. In any case, it is very 
certain that one of the real problems of ceramic manufacture 
is in the correct determination and regulation of size of grain 
of the raw materials. 
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THE EFFECT OF NON-PLASTIC MATERIALS ON THE 
SHRINKAGE AND MECHANICAL STRENGTH OF 
A NO. 3 FIRE-CLAY BODY. 


C. H. Kerr: A criticism of this paper which can be applied 
to a very large number of researches upon which reports are 
constantly being made, is in the insufficiency in the number of 
test pieces considered. In practically all work with clays, espe- 
cially such work as is concerned with strength determinations, 
it is unsafe to base conclusions on the average of any small 
number of test pieces. For such work it is rarely satisfactory 
to average less than ten individual determinations and in the 
majority of cases it is probable that more truth could be learned 
by still further increasing the number of individual determina- 
tions taken in the arriving at a given average, even if it be 
necessary to reduce the total number of points covered in the 
research. 


It seems a doubtful assumption to attribute to the inversion 
and reversion of the different crystal modifications of silica as 
much of the cracking trouble as at present is being attributed 
to that cause. There are many very tender bodies with much 
less than 10 percent quartz, and while unquestionably the volume 
changes due to the modification of the crystalline form of the 
SiO, is a very vital ceramic phenomenon, the fact must not be 
lost sight of that it is unsafe to reason that these crystalline 
modifications are causing the trouble simply because the silica 
or quartz is present. Other physical changes connected with the 
peculiarities of the plastic body. are often of considerably more 
importance. 

Strength tests made on cold bodies are not necessarily a 
good index of the resistance of that body to cracking during 
the process of manufacture. The cracking phenomenon is al- 
ways the result of many opposing forces, and the strength test 
of the cold body has not been shown to have a direct relation 
even to the strength of the body at the different temperatures 
attained in manufacturing. It is undoubtedly very misleading 
in many instances to draw conclusions regarding the behavior 
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of bodies while hot from determinations made on the body in 
the cold state. 

R. J. Montgomery: I had a somewhat similar experience 
in the use of sand with fire clay. It was desired to use sand 
as a standard non-plastic in testing the grog carrying capacity 
of fire clays. We found that the strength, both in the raw and 
burned state was considerably lower than that obtained when 
calcined clay was used as grog. I believe the low strength was 
due largely to the smoothness and lack of porosity of the sand. 
The clay could not penetrate or get a hold on the round sand 
grain. Also the sand increased the refractoriness of the mix 
and required a higher temperature to obtain the same degree of 
vitrification. 
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THE MECHANICAL STRENGTH OF FIRE-CLAY BODIES 
AFTER REPEATED HEATING. 


C. H. Kerr: The testing of the effects of repeated firing 
on a fire-clay or other refractory body has unfortunately received 
about as scant attention as has been given to the importance of 
the resistance of the body to the repeated heatings and coolings. 
It is unquestionably a phase of the problem which has been 
about the most neglected of all. For saggers it seems probable 
that testing of the cold body between successive heatings will 
disclose to a very large extent the comparative values of differ- 
ent bodies and their ability to withstand such treatment. How- 
ever, in the case of such crucibles, glass pots, etc., as are sub- 
jected to a considerable temperature variation during the process 
of manufacture, but in which they are not cooled to atmospheric 
temperature or anything like that temperature, it is possible 
that in some cases tests made on cold bodies between successive 
firings might be quite misleading. With clays of widely differ- 
ings chemical and mineralogical composition the chances of error 
in making comparisons in the cold state are much greater than 
with clays of the same general type. With siliceous materials 
this possible discrepancy is probably of very considerable 
importance. 

A. V. Bleinimger: Mr. Kirkpatrick complains that there is 
lack of relation between the porosity and the mechanical strength 
as measured by the modulus of rupture in his repeatedly, burned 
pieces. It seems to me that he can hardly expect to find any 
such correlation inasmuch as the decided loss in strength is 
evidently associated with some molecular change in the clay, 
such as the formation of sillimanite in either the amorphous or 
crystalline form. Mr. Kirkpatrick’s most frequently fired test 
pieces were examined somewhat hastily by one of our petrog- 
raphers, Mr. Brady, who stated that there was no evidence of 
crystalline sillimanite. Whether the true specific gravity will 
indicate the structural changes involved is problematical. There 
is some danger of drawing erroneous conclusions from this work. 
It deals, as the title implies, with the determination of the 
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mechanical strength of a number of clays after repeated firings, 
no more, no less. Consequently we should be somewhat cautious 
in applying these conclusions to a sagger or anything else. The 
results of the work certainly are interesting and give us nu- 
merical values showing the real loss in strength suffered by clays 
upon reburning. At the same time they indicate in an indirect 
way that better results are to be expected from mixtures of clays 
than with individual clays. 

F. A. Kirkpatrick: Since the writing of this paper, further 
data has been obtained, of which the following is a summary: 

True specific gravity changed during the series of burns only 
0.01 to 0.02 for each body except New Jersey fire clay B, which 
suffered a decrease of 0.05 from burn 2 to burn 7. The general 
tendency was toward a very slight decrease. Enclosed pore 
space averaged 2 to 4 percent. Open and total pore space de- 
creased slightly from burn 1 to burn 4 and remained practically 
constant thereafter. ; | 

The modulus of rupture tests are purely physical tests and 
the results do indicate the rate of change in strength of fire. 
clay bodies which are subjected to repeated heating. 

The causes of the deterioration of the bodies have not been 
determined. The true specific gravity changes are confusing. 
Microscopic examinations may or may not throw light on the 
question. The causes are several and probably include me- 
chanical stresses due to structure as well as molecular changes. 
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VARIATION IN LINEAR SHRINKAGE OF CLAY TEST 
PIECES 


Mr. Purdy inquires as to the variation noted in testing molded 
or wedged clay. Mr. Bailey replies that if the clay is made to 
fit the mold before being placed in it, the results are very good. 
If the clay is smaller in diameter than the mold, but longer, and is 
forced to take the form of the mold by pressure, there is a 
noticeable variation in shrinkage. If the clay mass is very large, 
however, the difference in its shrinkage in different directions 
does not differ greatly. 

Mr. Parmelee inquires as to variation in cast trials. 

Mr. Bailey replies that such trials were very unsatisfactory. 
The linear shrinkage was too delicate in such trials and the 
variation was too large to distinguish between satisfactory and 
unsatisfactory clays. The volume change was used exclusively 
in comparing cost trials. 

When the clay sticks to the mold, it drys out and will stretch 
the clay in whatever direction it sticks, and that will have an 
effect on the burning and the drying shrinkage too: we do not 
do very much work in the plaster of Paris molds. What I have 
done I have found very good. We test the clay by a tensile test 
machine and make the brickettes in a brass mold, and by making 
the clay in the shape of the specimen before it goes in, I have 
gotten very good results that way. Little benefit has been 
noticed in the clay which has been subjected to the long ageing 
treatment. The greatest improvement is noticed during the first 
week. We age our clay about three or four weeks. 

C. W. Parmelee: In considering this phenomena it is well 
to remember that pressure applied to the day mass does not 
cause the colloidal mass to flow out from between the particles 
since the total amount of colloidal material is so exceedingly 
small that the movement of the clay mass cannot be thus ex- 
plained. What happens is the flowing of the smaller granular 
particles which are coated with the exceedingly thin film of 
colloid, which movement is also facilitated by the presence of 
water. 
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The testing of shrinkage of clays by preparing a slip and 
pouring into shallow plaster of Paris molds which are intended 
to deliver discs 10 cm. diameter by I cm. thick is used more or 
less widely. The method is very attractive because of certain 
evident advantages, and has been recommended for use. How- 
ever we have had such alarming variations that it has been 
abandoned. It has been our experience that the amount of 
shrinkage on the pieces so prepared varied according (1) to the 
“hardness” of the mold, i. e. the proportions of plaster and water 
used in its making: (2) the dryness -of the-mold: (2): as ir. 
Bailey suggests, the condition of the face of the mold, i. e. 
whether rough due to much use. 

J. Bailey: In concluding I wish to state that we have made 
no systematic tests with cast specimens. 

Mr. Parmelee’s statement that the colloidal material is too 
small to explain the movement of the clay mass is entirely cor- 
rect. However the colloidal film, as I have used the term, is 
assumed to be wet and much thicker because of the absorbed 
water. The pressure, while causing many of the smaller par- 
ticles to flow away, also causes the water in those parts of the 
film which receive the pressure to be squeezed out and hence 
reduces the capacity of this part of the film to shrink. Water 
is necessary to my explanation of the phenomena. 

I might also add that I have found the same behavior in 
that part of a plastic German kaolin which remained suspended 
in water after standing 20 minutes. 
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THE PRODUCTION OF CHINA FROM DOMESTIC 
MATERIALS. 


F. K. Pence: I am told that in the manufacture of Belleek 
china, the body is ground for two weeks in a drag mill. That 
amount of grinding is said to be essential to the successful 
manufacture of this very thin, translucent ware. 

Car Binns? “Atts quite true that Belleek ‘China must be 
ground very fine and the practice was at one time to do as Mr. 
Pence has stated. Of recent years the ball mill has been in- 
troduced, and the time of grinding has been much reduced. The 
fine grinding is essential both to the working of the clay and 
to the clarity of the body. 
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A STUDY OF BRISTOL GLAZES COMPOUNDED ON THE 
EUTECTIC BASIS 


J. B. Shaw: There seems no doubt that this is the logical 
method of attacking the problem of determining the most fusible 
mixtures of the ingredients entering into a Bristol glaze as the 
results obtained by others working along the same line on other 
materials have shown. 

The merits of this method of investigating glazes seem not 

to have been fully determined by this study. It is well known 
that the most fusible glaze is not necessarily the most desirable 
one, nevertheless the fusibility is always a major consideration, 
and no better method of studying this property has as yet been 
evolved. 
It must be said in favor of this method that it simplifies the 
study of glazes in that they may be divided into three com- 
ponents, but it does not decrease the amount of work necessary 
to cover the field of Bristol glazes. However, in view of the 
fact that Rankin and Wright (American Journal Science XXXIX 
January, 1915) were able to predict the crystalline composition 
of Portland cement when working along this line, it would not 
seem at all impossible that the composition of the opacifying 
material in Bristol glaze could be determined by following out 
the same procedure. The necessary amount of work, however, 
would be enormous because of the number of ingredients entering 
the glaze. 
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THE COMPARISON BETWEEN SODIUM SULPHATE AND 
FREEZING TESTS FOR DRAIN TILE. 


W. L. Howat: The strength of the solution as affected 
by a ten degree temperature change would probably be important 
if but one test were made, but in the test we conducted, the 
pieces were soaked in the solution for 24 hours and this was 
repeated five or six times, so that any slight tendency of the 
temperature to change the concentration of the solution would 
be taken care of by repeated tests. If there was one test on 
each piece, the effect would be more noticeable. The test is not 
expected to tear down a hard drain tile, that is not the idea. 
It will not distinguish between a hard drain tile and one slightly 
softer, but the idea is to be able to point out a drain tile that 
‘1s too soft. : 

P. H. Bates: The author states — “the object of this part 
of the investigation was to determine whether a sodium sulphate 
test, can be used for drain tile in place of freezing tests.’ Later 
he also says, “that the results for the concrete samples in test 
‘A’ are sq closely comparable to the freezing tests is probably 
due to the severe mechanical strain set up in this test by the 
crystallization of Na,SO,’—but then concludes “however 
sodium sulphate tests can not be considered a reliable substitute 
for freezing tests on concrete.” 

If he has shown that the sodium sulphate tests are as com- 
parable to freezing tests in the case of concrete as in the case 
of clay tile, why cannot the former be considered a reliable 
substitute for the latter? There is no explanation given as to 
why the sulphate test is comparable to the freezing in the case 
of the clay test — but is it not due to “the mechanical strain set 
up in the test by the crystallization of Na,SO,’? Since in both 
cases the destruction of the specimen depends upon the force 
exerted by the growing crystals of either water (in the case of 
freezing) or sodium sulphate (in the case of the sulphate test), 
it is difficult to see why the sulphate test cannot be used advan- 
tageously as an “accelerated freezing test” for both classes of 
material. | 
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It would appear as if the author is still under the mnfluence 
of the work of Michaelis and Le Chatelier, according to which 
concrete in sulphate waters may be disintegrated by chemical 
reactions between the concrete and the sulphate. However, the 
reaction, while it may take place, has never been proven to be 
the cause of the destruction — but most evidence and the latest 
investigations show that the destruction is due—as the author 
states, “to the severe mechanical strain set up in this test by 
the crystallization.” Framm?! considers the same conditions 
beneficial that Le Chatelier and Michaelis consider harmful, as 
it renders the concrete more dense: Jeuett® has noted that the 
disintegration is due to the formation of crystals whose expan- 
sive force is enormous but which disintegrate to a fine powder 
on exposure to the air—Na,SO, 10 H,O(?). Klein and 
Phillips*® state that the disintegrating action of calcium sulpho 
aluminate—the injurious compound formed according to 
Michaelis and Le Chatelier — has been greatly exaggerated: and 
Steik* could not find any compounds of hydrated calcium sul- 
phate. In fact much more evidence can be cited, showing that 
the disintegration is mechanical than can be found showing it 
is chemical. 


H. F. Staley: In reply to Mr. Howat, would say that a 
number of tests, as averaged, would give results for the average 
temperature, but unless care were taken to control the tempera- 
tures, the average temperature in the laboratory for one season 
of the year might vary by 5 or 10° centigrade, from the average 
temperature in the same or another laboratory at another season 
of the year. If this were the case, the results of sodium sul- 
phate tests, made at the two different temperatures would not 
be at all comparable. 

As Mr. Bates suggests, it might be feasible to neglect the 
possibility of chemical action in concrete tile, and to consider 
that the tile which are broken down have been destroyed by 
the mechanical strain set up by the crystallization of sodium 


1Chem. Zig. 35, p. 256, 1911. 

2 Proc. Am. Soc. Test. Mat. 8, p. 480, 1909. 

3 Tech, Paper No. 48, Bur. of Standards. 

4Wvyoming Sta, Reportt 191}, p. 148-158; Ex. Sta. Record, 32, p. 787. 


FREEZING TESTS FOR DRAIN TILE 925 


sulphate. However, there is always the possibility of chemical 
action between the sodium sulphate and lime compounds in the 
concrete. In the work described under method C of sodium 
sulphate tests, we have shown conclusively that some samples 
of concrete can be destroyed by simple immersion in sodium 
sulphate solution under conditions that preclude the possibility 
of the growth of sodium sulphate crystals. The amount of 
chemical action of sodium sulphate on a concrete sample will 
depend on the composition of the cement, on the density of the 
concrete, and especially on the extent to which the sample is 
protected by insoluble carbonates. 

In this laboratory, at least, we are of the opinion ae in 
any comparative testing work there should be. no unknown 
variables. For this reason, | made the statement that sodium 
sulphate cannot be considered a reliable substitute for freezing 
tests on concrete. 
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THE RELATIVE ACTION OF ACIDS ON ENAMEL 


J. B. Shaw: The author has, without doubt, eliminated 
one of the chief objections to his work in the last paper of the 
same title, 1. e., the variation in the surface exposed. By correc- 
tion of differences in specific gravity, the results obtained by 
this method would probably be sufficiently accurate to give an 
approximation of the relative solubility of “frits.” However, 
even with this method there will be a very considerable variation 
in the surface exposed, and in dealing with frits of very low 
solubility it seems very likely that the percent variation of sur- 
face exposed would be sufficient to vitiate the results. For 
instance, if we have two frits whose relative solubility percent of 
area vary by only Io percent it would only require a variation of 
IO percent of area exposed to make the results of the experiment 
entirely wrong. 

In view of the low solubility of frits it is obvious that the 
variation of the solubility will be very low and therefore the 
necessity for exact duplication of conditions for testing, in order 
to obtain even relative results, becomes very great. Therefore 
I am inclined to doubt the propriety of this method of obtaining 
the sample for testing. The unavoidable and immeasurable error 
introduced by this method of obtaining the sample could be 
avoided by casting a sample of the frit in a polished steel mold 
which would always give a plate of the same shape and size 
and consequently of the same surface. It would also seem that 
the action of acids on a surface of this nature would be much 
more nearly comparable to the action of the acid on the ware 
than the method used by the author. The cast plates could be 
annealed if necessary to prevent them from breaking, and in 
case they did break into two or three pieces, the area exposed 
could be readily calculated. 

It should be said in passing also, that the title of this paper 
is somewhat of a misnomer since the frit is only the basis of 
the enamel except in the case of enamels that are applied to the 
ware in the powdered form, and even in this case the relative 
solubility of the frits can not be taken as the relative solubility 
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of the enamel after being fused onto the ware a second time. 
This fact was brought out by Mr. Landrum in the discussion of 
Part I of this paper. In the case of enamels which are applied 
wet and which invariably have considerable quantities of raw 
material added to the frit, it is quite obvious that this treatment 
will greatly modify the results when the enamels are treated 
with acids. Therefore we might suggest as a more appropriate 
title for this paper, ‘““The Relative Action of Acids on Enamelled 
frits.* 

H. F. Staley: It is a pleasure to note the persistence and 
care the author of this paper has shown in working up this test 
for determining the comparative solubility of enamel glasses in 
acids. It is true, as the author states, that the effect of differ- 
ences of mill additions and burning might have a decided effect 
on the resistance of enamels when actually applied to the ware; 
but in developing an acid resisting enamel, the first requirement 
is to secure an enamel glass that is, in itself, resisting. For this 
sort of work the method of testing proposed by Mr. Poste seems 
to the writer to be entirely satisfactory. I have used the method 
in some work of my own and find it both rapid and accurate. 

FE. P. Poste: It has not been the claim of the author that 
the foregoing method is accurate for comparing the resistance 
of finished enamels to acids. Quoting from the first paper 
(Transactions Vol. 17, Page 138) “the object in devising a means 
of comparing the action of acid on enamel was to determine the 
relative action produced when an enamel is exposed to different 
strengths of the same acid, to comparing the various acids as to 
their relative action, to study the nature of the action of acids 
on enamel.” 

It would be very desirable to develop this method to a 
point where it would be of more practical application. As it 
stands however, we feel that it serves the original purpose by 
providing a means of studying the action of various solutions on 
a given enamel. Prof. Staley’s remarks show further that it 
has possibilities as a means of comparing the resistance of va- 
rious frits which as he has stated are the basis of the final 
enamels and must be right if the enamels are to be right. 
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C. F. Bumns:- J take exception to’ the use of the word 
“plunging” when applied to the operation of ball mills. Mr. 
Sproat has used this expression in two entirely different connec- 
tions. He speaks of blunging the clay with water in the process 
of refining and again of the “blunging” of a china mixture in 
which porcelain lined ball mills were used. This operation is 
grinding and not blunging and should be so designated. In this 
connection it may be remarked that Mr. Sproat’s ball mills must 
be extremely inefficient: it is almost incredible that a grinding 
period of 20 hours should be called for. If the charge is propor- 
tioned to the size of the mill and the amount of water and the 
speed properly adjusted, there is no reason why successful grind- 
ing should not be done, even for china, in 4 hours or 5 at the 
most. Any practical man will condemn a necessity for 20 hours 
grinding because of the impossibility of keeping up the supply 
of material without an enormous equipment. 

It remains to be seen whether the introduction of sulphuric 
acid for the reflocculation of the clay can be made without ill 
effects. Sulphuric acid is the worst enemy with which the white- 
ware potter has to contend and even a small amount remaining 
in the clay, whether free or as sodium sulphate, constitutes a 
serious source of danger. 

The discussion which took place on the floor of the Society 
raised two points in this connection: one was the use of cobalt 
sulphate which is becoming very general. There is no doubt that 
this substance is subject to the same objections that have been 
mentioned. No direct evil has been traced to the use of cobalt 
sulphate simply because there are so many sources of sulphate 
that any single one can not be easily located. 

The second question raised was as to the presence of 
sulphuric acid in glass in connection with the expulsion of this 
. substance from a vitrified china. The behavior of glass is 
analogous to the behavior of glaze but not to that of the body. 
The evil of sulphuric acid in a clay is due to the fact that upon 
drying the whole of this impurity is concentrated upon the sur- 
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face. When burned to vitrification, the sulphuric acid can be 
expelled by the action of the softening silica. Glass being a 
molten mass affords no such facility though doubtless a considera- 
ble amount of sulphuric acid is expelled from the surface. That 
glass-makers are alive to the necessity of expelling the SO,, is 
shown by the fact that when, salt cake is used carbon in some 
form must be introduced to secure reduction and volatilization 
in the form of SO,. 

A.V. Blemimger: It might perhaps have been well to men- 
tion, in addition to the fundamental patent of Keppeler, the patent 
of Count Schwerin, who combines deflocculation of the clays with 
separation by electrical means. Mr. Sproat has worked out very 
ably the practical manipulation of the refining process. What 
he says agrees very well with the experience of Mr. G. H. Brown 
in installing such a process in Eastern Pennsylvania in 1914. 
(Trans. Am. Ceram. Soc. Vol. 17, p. 89). In the plant in ques- 
tion the alkali was added in the blunger and sedimentation took 
place largely in the troughs. No ceramist is employed in this 
instance as-the separation took place sufficiently well within quite 
a range of alkali concentrations. 

Some complaint has been made by potters that in jiggering 
a body containing clay refined in this manner some difficulty was 
experienced due to the “rubbery” nature of the clay. Whether 
this is true or due only to prejudice I am unable to say. In our 
own laboratory we have jiggered such bodies apparently without 
any difficulty. 
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Hl. Ries: Fluxing action in bricks during burning, is prob- 
ably often less than many believe. I have often noticed that the 
sections of vitrified brick, which have been burned the normal 
time, show angular particles, which show little or no corrosion 
due to fluxing. 


Mr. Teeter referred to the presence of mica in one slide. 
The fluxing action of mica depends of course upon its fineness. 
Mr. Stull, some years ago, in a paper before the Ceramic Society, 
spoke of the fluxing action of mica at a comparatively low cone. 
If, however, the individual scales are sufficiently large to be 
noticeable, they may retain their individuality up to cone 10 or 
12, as I pointed out in my report on the New Jersey Clays. 

I would also like to ask Mr. Teeter if he was able to identify 
any other minerals in the finer grained portions of the burned 
clay. , 
Mr. Teeter replied that at the highest temperature, one of 
the clays seemed to be a little glassy, and showed an agglom- 
eration of very fine needles which might be sillimanite. 


H. F. Staley: The main point for discussion raised by this 
paper seems to be whether the viscosity test is of service in 
determining the value of clays for the manufacture of vitrified 
products. There seems to be a tendency to multiply the number 
of laboratory tests.on clays and clay products. When once 
these tests come into vogue, it is necessary for testing labora- 
tories to apply them whether they have much real value or not. 

In his final conclusion, the author is quite conservative, 
stating that the viscosity temperature curve is capable of giving 
additional data in differentiating between shales for the man- 
facture of vitrified products, such as paving brick, and those 
not suited for such products. In the body of the paper he says 
— “the curves of the shales which are suited for the manufac- 
ture of vitrified brick do not show any abrupt break, or decrease 
in the viscosity, below the temperature of Seger cone 5. The 
curves of the shales not suited for vitrified ware show a break 
in the viscosity curve or a decrease in the viscosity at some tem- 


A STUDY OF KANSAS SHALES 931 


perature below Seger cone 5.” He does not state which clays 
he consders suitable for the manufacture of vitrified products, 
bate NGsite2s4. 2354 and 230-"are -usedvine the manufacture ‘of 
paving brick and No. 231 is, in the opinion of the author, based 
on results of the curves shown in a paper, suitable for the 
manufacture of vitrified brick. 

It has been usual among ceramists to assume that those 
clays whose porosity decreases at a gradual rate to a small 
amount at commercially feasible temperatures are, as far as 
burning properties go, worthy of testing on a large scale for the 
manufacture of vitrified products. According to this criterion 
also the above four shales would be classed as safely vitrifying 
clays, although there would be some question about No. 234, 
due to the sudden drop in porosity between cones 3 and 5. 


According to the rule stated by the author, clays Nos. 232, 
233, and 238 would also be suitable for the manufacture of 
vitrified products. The sudden drop in porosity of clay No. 
232 between cones 3 and 5, and of No. 233 between cones 5 and 
7 would raise a doubt in the mind of any ceramist as to the 
availability of either of these clays for use alone in the manu- 
facture of vitrified products. The immense drop in the porosity 
in clay No. 238 between cones 06 and 03 would preclude its 
use for vitrified products. In these three cases then, the old 
and well tried porosity determination seems to be a better indi- 
cation of the usability of the clay, as checked by the purposes 
to which the clays have been put, than the viscosity test. 

Clays Nos. 236 and 237 are shown to be of poor quality 
by both the porosity figures and the figures for the viscosity 
determination. These figures are in accord with the uses to 
which these two clays are actually put. Clay No. 230 looks 
fairly good according to the porosity figures but is condemned 
by the viscosity curve. Since this clay is used for the manu- 
facture of common brick only, we may assume that it is not 
suitable for the manufacture of vitrified products, and that in 
this case the viscosity curve indicates the poor quality of a clay 
when the porosity does not. 

Summing up then, we may say that the porosity and vis- 
cosity check each other in six cases, that the viscosity curves are 
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wrong and the porosity curves right in three cases, and the 
viscosity curve right and the porosity curve wrong in one case. 
In as much as it has been amply demonstrated by experience that 
the only way to really determine whether a clay will make 
vitrified products, such as paving brick, is to make actual full 
size clay products of the kind to be manufactured, it is a question 
whether it is desirable to add the viscosity determination to the 
list of preliminary tests for clays. 

Of course the so-called viscosity determination is not really 
a new test, it is simply another way of conducting the old warp- 
age test, in which an entire bar of clay was supported on each 
end by a piece of fire clay and sagged down in the middle when 
it commenced to soften. From the standpoint of the mechanics, 
they are really both tensile strength tests and the two methods 
are used as alternatives in determining tensile strength. The 
formula for the method corresponding to the warpage test is: 


S = tensile strength in pounds per sq. inch. 
P = load in pounds. 
a == area of cross section in sq. inches. 
The formula for the test corresponding to the so-called 
viscosity test is: 
Mc 


S = tensile strength in pounds per sq. inch. 
M =bending movement in inch pounds. 
c =half height of beam in inches. 

I moment of inertia of cross section. 


The so-called viscosity test is really a warpage test which 1s 
accelerated by the fact that a heavy load is suspended from the 
piece. As far as the writer knows, there has been published 
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no data showing the actual correlation between the viscosity 
determinations and the tendency of clay wares to warp. 

P. Teetor: In reply to Dr. Ries’ statement I am pleased to 
say.that since this manuscript was sent to the editor, Dr. W. P. 
Haynes, professor of mineralogy and petrography, who has just 
recently joined the geology faculty at the University of Kansas 
has examined the thin sections prepared from the burned speci- 
mens of these shales and reports as follows: 

Thin sections were made from the test samples after cooling 
in the kiln. For samples Nos. 230 to 238 inclusive, three sections 
were made as follows: section 1 from cone 06 temp. 990°C-.; 
section 7, cone 3, temp. 1110°C., and section 13, cone 8, temp. 
1160°C. Six sections were made of No. 239 taken at inter- 
mediate stages from cones 06 to cone 8. 

The color changes in these sections are very interesting and 
rather instructive. Section I is in every case of a bright brick 
red color, due to the complete oxidization of the iron to the 
ferric state. In a few cases such as section 1 of No. 239 there 
is more or less of a yellowish limonite discoloration on some of 
the minerals which partly masks the red color. Section 7 is 
frequently mottled red and brown in color, or else a deep 
hematite red. The mottled appearance is evidently due to the 
partial alteration of the iron from the ferric to the ferrous stage. 
This partial change is also shown in section 10 of No. 239, from 
cone 5, at a temperature of 1125°C. Section 12 of the same 
sample from cone 7, temp. 1140°C. is completely changed to a 
dark brown color as are all of the sections numbered 13. These 
therefore clearly show that the change of the iron from the 
ferric to the burnt ferrous state takes place between 1100° and 
1130° in these clays. 

The sections indicate a wide variation in the composition 
of the clays, especially in the quartz content. Measurements 
were made on the grains of quartz both as to size and as to 
relative abundance. The results are as follows: 


r==fare. 
c = common. 
C = very common. 
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No. 
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Irregular shapes. Wide range in size up to Imm. 


There is a gradual increase in the quantity of glass with all 
of the series of sections. Little glass and much opaque ground- 
mass, chiefly iron-stained kaolin, is present in section 1. Quartz 
is the most abundant mineral, but a few of: the samples contain 
some mica, notably Nos. 232, 234 and 239. Feldspar is not very 
abundant in any of the samples and is seldom: recognizable after 
section I. In section 7 there is much more glass and therefore © 
greater transparency to the section. Some of the glass contains 
small bubbles and it frequently is seen to surround open spaces 
which were present in stage 1. Section No. 13 shows the most 
interesting changes. There is in most of the samples a large 
amount of glass in the groundmass. This glass is more or less 
filled with quartz grains in various stages of fusion. Usually 
they are only affected on the border, but in a few cases the 
outline is very irregular and the glass appears to run deeply 
into the grains. The mica is not recognized after No. 7 stage, 
and is probably fused before 13. In places there appear cloudy 
spots in the glass which show very minute crystal aggregates 
which could not be identified. . : 

The amount of glass in all of these samples is large at cone 
8. Samples Nos. 230, 231 and 238 appeared to be less vitreous 
than the others. Owing to lack of time in studying these sections 
the writer is obliged to stick to general observations, but he is 
convinced of the great possibilities of mcroscopic study in getting 
at the character of the changes in clays at different temperatures, 
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and hopes to have the opportunity to carry on this study much 
further with the assistance of Mr. Teetor. 

P. Teetor: Mr. Staley has raised the point as to whether 
the viscosity test is of service in determining the value of clays 
for the manufacture of vitrified products, and according to his 
analysis finds that it is not as valuable a test as the porosity 
temperature test, and finally questions the desirability of adding 
this test to the list of preliminary tests for clays. 

He goes on to say that “those clays whose porosity decrease 
at a gradual rate to a small amount, at commercially feasible 
temperatures are, as far as burning properties go, worthy of 
testing on a large scale for the manufacture of vitrified prod- 
ucts.” He gives no limits for the terms “gradual rate’ and 
“small amount.” Mr. Purdy’s limits, as given in Bulletin 9 of 
the Illinois Geological Survey, are the most accurate I have seen 
published, but any one who has investigated a large number of 
clays undoubtedly has found high grade paving-brick clays with 
porosity temperature relations falling outside these limits. 


If the same leniency is allowed the viscosity curves of these 
ten shales as is necessary to allow the porosity temperature 
curves, in order that they may check the facts, it will be found 
that viscosity curves are at least as accurate, if not more ac- | 
curate, than the porosity temperature curves. In fact, it is prac- 
tically safe to say that the viscosity curves of shales suited for 
the manufacture of vitrified brick do not show any abrupt break 
or decrease in the viscosity below a temperature of Seger cone 
OP tiie criveriUM Clays INOS. 231, 232, 233, 234, 235, and 239 
are suited for the manufacture of vitrified products. 

Mr. Staley’s statement that, “according to the viscosity 
curves shale 238 would be suited for the manufacture of vitrified 
products,” is erroneous, because the curve shows a very distinct 
decrease in viscosity at a temperature of cone 03. His fears for 
the sudden drop in porosity of shale 232 between cone 3 and 5, 
and shale 233 between cone 5 and 7, are not well founded, be- 
cause there are quite a few first-class paving-brick shales which 
show as large a drop in porosity between these cones. Mr. 
Purdy’s work on the Illinois clays in Bulletin 9 of the Illinois 
Geological Survey, also shows this to be true. As a matter of 
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fact I have made paving block of shale No. 233 with a small 
laboratory auger machine and burned them in a laboratory test 
kiln in three days’ time, and the rattler loss in the standard 
rattler was 18.78 percent. 

Analyzing the viscosity curves with cone 5 as the critical 

temperature for the decrease in viscosity, we find shales Nos. 232, 
233, 234, and 239 are suited for the manufacture of vitrified 
products. With cone 3 as the critical temperature we find clays 
Nos. 231, 232, 233, 234, 235, and 239 suited for the manufacture 
of vitrified products. Examining the porosity temperature curves 
and comparing them to the limits laid down by Mr. Purdy, as 
referred to above, we find that at cone 06 shale 232 is the only 
one lying within these limits, at cone 03,—Nos. 232, 236, and 
239, at cone 1,—Nos. 231, 232, 233, 234, and 239, at cone 3,— 
Nos. 231, 232,233, 234; 235 and 230, at cone 5,—Nos. 230, 234, 
235, and 238, and at cone 7,—No. 238. It is known that shales 
Nos. 233, 234, 235, and 239, are good paving brick shales. In 
as much as No. 232 is located immediately beneath No. 233 and 
is used as a portion of the mixture represented by No. 234, we are 
reasonably safe in assuming that paving brick can be made from 
No. 232. Shale No. 231 has never been used for anything ex- 
cept hollow building tile, but both porosity and viscosity curves 
indicate that there is a possibility of its being used for the 
manufacture of vitrified products. Therefore, from the above 
comparison it is evident that the viscosity curves of these shales 
give data which is as valuable as the porosity temperature data, 
and is desirable as an.additional check in determining the value 
of such shales for the manufacture of vitrified products. 

The principal objection to the viscosity test, as developed 
by preliminary work done to date, 1s its time consuming nature. 
There is no doubt as to the value of the viscosity data, and it is 
to be hoped that some shorter method can be devised for secur- 
ing data which will be as accurate as is secured by the present 
method. 
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